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PREFACE. 



This volume has been prepared and will be published under the 
provisions of an act of the Thirty-second General Assembly, author- 
izing the publication of Volume 7 of the Geological Survey of Illinois, 
approved May 26, 1881. 

The first section of the volume is devoted to economical geology, 
and mainly to a record of the development of the coal resources of 
the State since the publication of the last preceding volume in 1875. 
The mining interests of the State are now second only in import- 
ance to those of agriculture, and although the information obtainable 
in regard to many of the experiments made with the drill, as well 
as that to be derived from the shafts but recently sunk within the 
borders of our coal-producing area, has in many cases been incom- 
plete and unsatisfactory, through the non-preservation of the records 
kept by those having the work in charge, yet the data obtained, 
although by no means as complete as could be desired, will, I 
trust, prove of considerable value, and tend to the further develop- 
ment of this important industry. 

Sections two and three are devoted to the description and illus- 
tration of the fossil forms belonging to the Carboniferous formation 
of the Mississippi valley, and, as these are mostly new to science, 
their publication will constitute an additional, and, I trust, an 
acceptable contribution to our present knowledge of the specific 
character of the Carboniferous fauna of the North American conti- 
nent. 

In our work on the vertebrates, I have had the assistance of Mr. 
Orestes St. John, of Topeka, Kansas, whose familiar acquaintance 
with the fossil fishes of the palaeozoic rocks render Ids work of 
special value to those interested in this department of palaeontology. 



IV 

In the investigation of fossil echinoids, I was so fortunate as to 
secure the assistance of S. A. Miller, Esq., of Cincinnati, whose 
familiarity with that class of organism renders his determinations 
of more than ordinary value, and his work has resulted in the 
satisfactory elucidation of some very difficult and rather unsatisfac- 
tory material. 

The illustrations for this volume were mostly drawn by Mr. 
Charles K. Worthen, and are faithful reproductions of the original 
specimens; and the plates have been engraved and printed by 
Messrs. JuUus Mayer & Co., of Boston, in their usual excellent 
style. 

One hundred and sixty-five plates of fossils have been published 
in the preceding volumes of the Geological Survey of Illinois, w^hicli, 
with those contained in the present volume, brings the aggregate 
number now published up to one hundred and ninety-six, nearly all 
of which have been devoted to the illustration of species new to 
science, and mainly obtained in prosecuting the field work of the 
geological survey, from formations existing within the borders of the 
State. 

The work, however, is by no means complete, and at least two 
volumes more, illustrated by forty to fifty plates each, would be re- 
quired to complete the palaeontology of the State in the manner 
originally contemplated. These volumes should also include such 
economical results as may be obtained in the meantime by future 
investigations. 

Nothing further can be done in this direction, however, until pro- 
vision is made for it by a special act of the General Assembly, and 
it remains for the legislative authorities to determine whether the 
work shall be continued and eventually completed, in accordance 
with the original plan, or cease with the publication of the present 

volume. 

A. H. WORTHEN. 



CHAPTER I. 

ECONOMICAL GEOLOGY. 

Coal. — The extensive area of the Illinois Coal Field, covering more 
than thirty-six thousand square miles of territory within the bound- 
aries of this State, is now under a process of rapid development, 
and the liberal expenditure of capital and labor in this special field 
of human industry during the last decade, has resulted in placing 
Illinois as the second on the list of coal producing States of the 
Union. No other mineral resource within our borders is at all com- 
parable in intrinsic value with our coal deposits, and their complete 
development is a subject of vital interest to the commonwealth, and 
deserves to be encouraged by all legitimate means. 

The abundance of coal, the wide area over which it extends, and 
the facility with which it can be mined, and the low price at which 
it has been placed upon the market, has been a leading cause of 
the great increase in our railroad facilities and manufacturing in- 
dustries, thus adding vastly more than the intrinsic value of the 
coal product alone, to the material wealth of our people. It has 
enabled us to compete successfully with the water powers of New 
England in the manufacture of our raw products, and thus saves the 
cost of a double transportation to which our people were heretofore 
subjected, in the transfer of our raw products to the eastern manu- 
facturers, and the manufactured product back to the great food pro- 
ducing centers of the Mississippi valley. 

In Rock Island county, where only the lower seam, or No. 1 of 
the general section of the Illinois Coal Measures, is found thick 
enough for profitable mining, and where it has been relied on for 
the supply of the entire region north of the Bock Island rapids for 
the last thirty years or more, the supply is now well nigh exhausted, 
and the counties lying further east and south must now be resorted 
to for the future supply of that region. Rock Island county lies on 
the extreme northwestern borders of the coal field, and the Coal 
Measures there rest upon Devonian limestone, the whole of the 

-2 



2 ECONOMICAL GEOLOGY. 

lower Carboniferous series of limestones, sandstones, shales, etc., 
having thinned out in a northerly direction before reaching the 
southern borders of that county. 

The Devonian limestone in this county presented an uneven sur- 
face for the reception of the overlying coal deposits, and conse- 
quently the coal itself was not found of uniform thickness, being 
often much thicker in the depressions of the limestone than else- 
where, and sometimes giving out altogether on the higher portions 
of the underlying beds. This has made the business of prospecting 
for coal in this county rather precarious for some years, and led to 
the expenditure of a considerable amount of capital that has yielded 
no adequate return. 

But it is clear, as these experiments show, that the main deposit 
of coal in this county is now well nigh exhausted, and prospectors 
will do well to turn their attention to the counties lying to the east- 
ward, where the higher seams may be found. 

For the benefit of those who may not have access to the preceed- 
ing volumes of these reports, the following condensed section of the 
Coal Measures of this State is here inserted. 



180 to 200 foet. 



75 to 100 feet. 



50 to 60 feet. 



80 to 90 foet. 



75 to 80 foet. 



20 to 25 feet. 



30 to 40 feet. 



80 to 90 feet. 



60 to 70 feet. 



80 to 100 feet. 




20 to 30 feet. 



SaDdstone and shale with a six inch seam of ooal. 

Coal No. 16-1J6 to 3 feet 

Sandstone and shale. 

Coal No. 16-1 to dh feet. 

Sandstone and shale. 

Coal No. 14— 1>6 to 2 foet. 

Sandstone and shale. 

Coal No. 13-0 to 3 feet. 

Sandstone and shale. 
Coal No. 12-0 to 1 foot 

Shales and limestone. 
Coal No. 11-0 to 1 foot. 

Shales. 

Coal No. 10—0 to 1 foot. 

Sandstone, shales and limestone. 

Coal No. 9—0 to 2 feet. 

Sandstone, shale and limestone. 

Coal No. 8—1 to 2 feet. 

Sandstone, shale and limestone. 

Coal No. 7—1 to 9 feet. 
Sandstone, shale and limestone) 
Coal No. 6—0 to 6 feet. 



COAL MEASURES. 



20 to 30 feet. 



60 to 80 feet. 



60 to 70 feet. 



40 to 60 feet. 



30 to 80 feet. 



20 to l&O feet. 



I I I I 



I I i I 



I I 



I I 



Shale and limestone. 
Coal No. 6—4 to 6 feet. 

Sandstone and shale- 
Coal No. 4—0 to 5 feet 
Shales and sandstone. 

Coal No. 3-0 to 4 feet. 

Shales. 

Coal No. 2—1^ to 6 feet. 

Sandstone, shnle and limestone. 

Coal No. l-l to 5 feet. 

Sandstone and conglomerate. 



Lower oarb. limestone. 



Of the six lower peams represented in the foregoing condensed 
section, where they outcrop in the valley of the Illinois river, five 
are found of sufficient thickness to be profitably mined at some 
points and will afford an aggregate thickness of about twenty feet 
of marketable coal. They are not everywhere of uniform thickness, 
however, as for example. No. 1, at Seville, in Fulton county, is three 
feet or more in thickness, while at the outcrop, south of Lewistown, 
on the north bank of Spoon river, it is too thin to be profitably 
mined. At Prairie City it is reported at S^ feet in the shaft re- 
cently sunk at that point, while in the vicinity of Colchester it is 
nowhere thick enough to work, and is often absent altogether, or 
represented by a bed of bituminous shale. 

At Boodhouse, in Greene county, this seam was reached at the 
depth of about ninety feet, passing through the following beds: 

Ft. In. 
Drift clay, soil, etc 75 

Blue and ash-colored clay shale 15 

Black shale 1 ft. to 1 8 

Coal 2 4 

Fire and potters' clays 18 

This is probably the equivalent of the Battery Eock coal, which out- 
crops in the bluiffs of the Ohio river a few miles below the mouth 
of the Saline, and is there associated with the heavy bed of con- 
glomerate that forms the base of the Coal Measuress in Southern 
Illinois. The coal is there only about 18 inches thick, and the 
mines formerly opened there have generally been abandoned. 
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Coal No. 2, however, is very uniform in its development, though 
it seldom attains a thickness of more than three or three and a 
half feet. The superior quality of the coal which it affords has led 
to its being mined wherever it can be reached at a moderate depth. 
Along the western and northern borders of the coal field it has gen- 
erally a very uniform thickness of about two feet, but in the vicinity 
of Murphysboro, in Jackson county, it is a double seam, the upper 
division being three feet and the lower two feet in thickness. In 
the vicinity of LaSalle it is the lowest coal found, and there has 
an average thickness of about 2J to 3J feet. 

Coal No. 3 is a very uncertain seam, and is more frequently 
represented by a bed of bituminous shale than by a true coal. It 
has been mined at Atkinson, in Henry county, where it ranges in 
thickness from three to three and a half feet of good coal. It also 
outcrops in Fulton county, three miles northwest of Fairview, show- 
ing about eighteen inches of good coal. The lower seam in the 
Bloomington shaft I am also inclined to refer to this coal, and it 
is there three feet eight inches in thickness. In Gallatin and Saline 
counties there is a three-foot coal which occupies about the same 
position in those counties that No. 8 occupies in the valley of the 
Illinois river, but as the thicker seams lying above it are easily ac- 
cessible, but little attention has been given to the lower seams. 

No. 4 is also an uncertain seam and has only been identified at 
two or three points in the State. In Gallatin county it was found 
two and a half feet in thickness, and it has been identified at one 
or two points in Fulton county. Away from the borders of the coal 
field, nothing is at present known as to the development of these 
lower seams, all experiments being usually ended when the first 
workable coal is reached. A boring at Kiverton, seven miles east of 
Springfield, is the only one near the center of the State that has 
been carried entirely through the Coal Measures. 

The following is the report of that boring, furnished by Mr. C. B. 
Swan, the contractor, commencing below coal No. 5 and extending 
to the base of the Coal Measures: 

Ft. 

Bottom of coal 237 

Fireclay 4 

Limostono 4 

Black shale 25 

Clay shale 35 

Coal No. 4(?) 4 

Fireclay 2 

Clay shale (soapstone) 20 

Limcstono „,,..„,..,, 25 
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Ft. 

Limo8tone(?^ 15 

Black shale 10 

Coal No. 3(?) 1 

Fireclay 3 

Gray shale 20 

LlmostoneC?) 15 

Black shale 11 

Coal No. 2 6 

Fireclay 2 

Sandy shale 14 

Black shale — 10 

Limestone(?) 20 

Sandstone <B 

Blue shale 16 

Coal No. 1 4 

Fireclay 1 

Shale and sandstone €7 

655 

Having no other section through the lower portion of the Coal 
Measures in this part of the State for comparison, I am not pre- 
pared to say how far the above report can be depended on as cor- 
rect. The beds reported as limestones 40, 15 and 20 feet in thick- 
ness, were probably in part at least hard sandstones, as no such 
heavy beds of calcareous rocks are anywhere known in the State 
below the horizon of the Riverton coal. At Olney, in the south part 
of the State, a boring for artesian water was made to the depth of 
two thousand feet, passing through only one coal seam, which was 
found at a depth of eleven hundred and sixty feet from the surface. 
A section of this shaft will be given further on in this report. From 
this boring it would seem that all the coal seams save one have 
thinned out in that portion of the State. 

At Canton, in Fulton county, a boring for artesian water was 
recently made by Messrs. Atwater & Co., commencing above the 
horizon of coal No. 5 and extending through the lower Carbonifer- 
ous limestones and into the Silurian rocks below. The following 
section will exhibit the lower Coal Measure strata passed through 
in this boring: 

Ft. In. 

Surface deposits, soil, clay, etc 40 

Shale 40 

Coal No. 5 4 6 

Shale 15 

Limestone(?) 20 

Shale 61 

Slate (horizon of coal No. 3) 15 

Shale 30 

Coal No. 2 I 6 

Fireclay 6 
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Ft In. 

Shale 15 

Hard sandstone 5 

Shale 35 

Coal 1 

Slate and shale 62 

358 

Only two thin seams of coal were found here below No. 5, neither 
of which were thick enough to be of any practical value. No. 1, which 
at Seville, about sixteen miles west of Canton, is three feet thick, was 
only one foot at Canton, and it is also about the same at its out- 
crop in the bluffs of Spoon river, south of Lewistown. 

Coal No. 5, or the Springfield coal, as it is sometimes called, is 
perhaps the most reliable and persistent seam in its development of 
any in the State. Its average thickness is about six feet, and its 
range frorh four to eight. From Bloomington to Carlinville, along 
the line of the St. Louis, Alton and Chicago railroad, it has been 
found at every point where a boring or shaft has been carried down 
to the proper depth; and recently a shaft has been sunk to it at 
Decatur, where it was found at a depth of about six hundred feet. 
At Sandoval and Centralia, a seam averaging about the same in 
thickness is found at about the same depth, which may be the 
equivalent of the Springfield coal. At all these points the seam is 
about six feet in thickness, and it probably affords at this time more 
than one-half of the entire coal product of the State. There are 
now seven coal shafts in operation on this seam within two miles 
of the State capital, and nearly as many more within the limits of 
Sangamon county. The roof is usually composed of a hard black 
slate overlaid by a few feet of argillaceous limestone, the former 
containing numerous fossil shells, by which it may usually be 
readily identified. 

Coal No. 6 is mined at several localities in Fulton and Peoria 
counties, where it ranges from four to five feet in thickness. It af- 
fords a coal somewhat softer than that from No. 5, but freer from 
sulphur, and therefore better adapted for forging iron. The seam is 
more irregular in its development than No. 5, and consequently is 
neglected except when a superior quality of coal is required for the 
smith's forge, or some other special use. In the shafts in Sanga- 
mon county, it ranges from a few inches to three feet in thickness, 
but no attempt has been made to work it in any of those in opera- 
tion at the present time. 
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Coal No. 7 is well developed on the northern, eastern and southern 
borders of the Illinois coal field, ranging in thickness from four to 
seven feet. On the western borders of the field it is usually only 
from one to three feet thick, and is generally neglected for the 
thicker seams below. It is the main seam at Danville, the upper 
seam of workable coal in the shafts in La Salle county, and the 
main seam in Gallatin, Saline and Williamson counties, where it 
sometimes attains a maximum thickness of eight or nine feet. In 
the last named county an excellent coke is made from it, which 
finds a ready market in St. Louis for the use of the iron foundries 
at that point. 

This is a brief resume of the coal seams in the lower Coal Meas- 
ures, as they appear around the borders of the coal field, and it is 
from this part of our coal area that our present supply of coal is 
mainly obtained. The shaft at Decatur has demonstrated that at least 
one of our main coals has retained its average thickness to the center 
of the field, and future experiments with the drill must determine 
whether any of the coals below No. 5 can be made available, when 
the supply from that has been exhausted. All experiments with the 
drill in the central and southeastern portions of the State, whether 
undertaken in search of coal or for any other purpose, should be 
carefully conducted, with the end in view of determining, as far as 
possible, the extent of our coal resources in that portion of the 
State, where the main coals, if present at all, are from six hundred 
to a thousand feet or more below the surface. 

The increase in the coal products of the State from 1867 to 1880 
was about 400 per cent., the product of 1867 being about 1,500,000 
tons, while according to the U. S. census report for 1880 the pro- 
duct of that year is placed at 6,089,514 tons, equal to an annual 
increase of about 80 per cent. The census report, moreover, includes 
only such mines as are worked in the regular way, while there is a 
large amount mined annually for local use by the process of "strip- 
ping" on the outcrops of the thinner seams, of which that report 
would have no record. This would no doubt swell the amount for 
1880 to at least 6,250,000 tons. This increase of our coal products 
has been mainly on the northern and western borders of the field, 
where the coal deposits are the most accessible, and the facilities 
for market are better than in other portions of our coal area. 

At Olney a boring was made about two years since in search of 
artesian water, and the following record of the work was furnished 
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by Mr. Victor E. Phillips, of Olney. The boring was carried to the 

depth of 2,000 feet, and failed to find flowing water. About 1,270 

feet appears to have been through the Coal Measures, and one seam 
of coal five feet in thickness was passed at the depth of 1,160 feet. 
The following is a copy of the log kept by Mr. Phillips: 

Feet. Total. 

1. Soil and clay 12 

2. Sandstone 18 30 

3. Arenaceous shale ^ lio 140 

4. Sandstone 25 ir^ 

5. Shale 131 21H; 

6. Limestone 8 »»^ 

7. Sandstone 30 SW 

8. Argillaceous limestone 15 349 

9. Shale :«2 731 

10. Blackslato 4 735 

11. Shale with limestone bands 108 843 

12. Limestone 6 840 

13. Shale 1 850 

14. Limestone G 856 

15. Ferruginous shale 4 8(10 

16. Calciferous shale 20 880 

17. Brown shale 70 050 

18. Light blue shale 85 1,035 

19. Sandy limestone 42 1,077 

20. Blueshale 3 1.080 

21. Blackshalo 1.080 

22. Sandy limestone 5o i.iso 

23. Blackslate 10 1.155 

24. Coal 5 I.IGO 

25. Limestone— bottom arenaceous 4o 1.200 

26. Shale 10 1,210 

27. Blackslato 6 1.216 

28. Shale 15 1.2:n 

29. Sandyshale 40 1.271 

30. Sandy limestone tio l.:«l 

31. Shale 15 1,346 

82. Limestone 60 1.415 

33. Calcareous sandstone 55 1,467 

at. Sandstone 3:3 l,50(» 

36. Clayshale 40 1.540 

36. Sandy shale with bands of black slate 160 i,700 

37. Sandyshale 70 1.770 

88. Calcareous sandstone 40 1,810 

89. Bedsandstone 70 1,880 

40. White sandstone 50 1,030 

41. Brown sandstone 30 1,060 

42. Sandy limestone with thin seams of .slate - 40 2,000 

The bottom of the Coal Measures was probably reached about No. 

30 or 31, and all below those numbers may be referred to the lower 
Carboniferous, or to subordinate strata. It is quite remarkable that 

a boring should be carried through so great a thickness of Coal 
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Measure strata without meeting more than one well defined seam 
of coal, and it seems quite probable that some of the beds reported 
as black slate may also represent the horizon of thin beds of coal, 
the material being so mixed with the slate as to prevent identifica- 
tion. 

Since the publication of volume 6, of these Beports, a shaft has 
been sunk at Sandoval, reaching a thick bed of coal at the depth 
of L02^ feet. The following is a copy of the record of this shaft : 

Ft. In. 

No. 1. Surface deposits, clay, gravel, etc 127 8 

No. 2. Shale and sandstone 78 

No. 3. Blue shale 16 

No. 4. Limestone (Shoal creek bed) 10 

No. 5. Blackshale 3 6 

No. 6. Coal 2 

No. 7. Fire-clay 4 6 

No. 8. Sandstone and shale 67 6 

No. 9. Blackshale 2 

No. 10. Limestone 6 

No. 11. Fireclay 6 

No. 12. Sandstone and shale 109 

No. 13. Coal I 2 

No. 14. Fire-clay 2 

No. 15. Sandy conslomorate 5 

No. 16. Sandstone and shale 88 8 

No. 17. Fireclay 2 

No. 18. Pebbly clay 4 

No. 19. Clay shale 11 

No.20. Blueslate 1 8 

No.21. Coal 10 

No. 22. Fireclay 10 

No.23. Nodularblue shale 10 6 

No.24. Gray limestone 2 8 

No. 25. Blue shale : 2 

No.26. Gray limestone 2 6 

No.27. Blue shale 3 

No. 28. Dark shale 12 

No.29. Coal 6 6 

Total depth 609 

At Breese, twenty-two miles west of Sandoval, the coal was found 
at the depth of 397^ feet, but no detailed record of the beds passed 
through was kept. The coal ranges from seven to eight feet in 
thickness, and has a clay parting an inch or two thick, about two 
feet from the bottom. A bed of light gray limestone, ten feet in 
thickness, was passed through some twenty-five to thirty feet above 
the coal. The roof consists of bituminous shale, containing Discina 
nitida and the spines and dermal plates of fishes. The coal is con- 
siderably impregnated with the bi-sulphuret of iron, and is gener- 
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ally inferior in quality to that obtained from the Troy shaft, in 
Madison county. A bed of gray limestone, probably the Shoal creek 
rock, was found in this shaft immediately below the surface deposits, 
which were here only about 25 feet in thickness. 

At Trenton the shaft is 320 feet in depth to the top of the coal. 
No detailed record of this shaft was kept. The coal is five feet in 
thickness, and of excellent quality, and is said to bring from one 
to one and a half cents per bushel more in the St. Louis market 
than the CoUinsville and Caseyville coals. The roof shales contain 
Learn tricarinatay which I regard as a characteristic fossil of coal 
No. 7. 

At Troy, in Madison county, the shaft is 315 feet in depth to the 
top of the coal. The seam here is 5^ feet thick, and in quality it 
is equal to that obtained from the Trenton shaft. The shale over 
the coal is similar to that at Trenton, and contains the same fossils. 

The Nashville shaft, in Washington county, is about 414 feet in 
depth to the top of the coal, and the following detailed record was 
made: 

Ft. In. 

No. 1. Surface clay and gravel 38 

No. 2. Blueshale 4 6 

No. 3. Limestone 6 6 

No. 4. Blackslate 4 

No. 5. Coal (Jilddle slaty) 2 

No. 6. Clay shale 6 

No. 7. Sandstone and sandy shale 65 

No. 8. Limestone 4 

No. 9. Blueshale 14 

No. 10. Pebbly limestone 2 

No.lL Blackslate 1 6 

No. 12. Fire-clay 4 

No. 13. Clay shale 8 

No. 14. Sandyshale and sandstone 47 

No. 15. Blue shale (bottom slaty) ... 26 

No. Ifi. Coal 1 2 

No. 17. Fire-clay 1 8 

No.18. Lime conglomerate 4 6 

No. 19. Sandy shale 63 

No.20. Blue clay shale 42 6 

No.21. Blackshale e 6 

No. 22. Fire-clay 1 8 

No. 23. Blueshale 3 

No. 24. Fire-clay i 6 

No. 25. Lime conglomerate 5 

No.26. Fire-clay 1 6 

No.27. Hard limestone 15 10 

No.28. Blackshale 3 8 

No. 29. Blue pebbly shale 3 

No. 30. Sandyshale and sandstone ". 14 

No. 31. Fire-clay 1 6 
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Ft. In. 

No. 32. Shale 2 6 

No.33. Limestone 4 2 

No. 34. Bhale 2 6 

No.35. Limestone 10 

No.36. Dark blue shale 7 6 

No. 87. Limestone 8 

No.38. Blaokslate 2 8 

No. 39. Coal 7 6 

Total depth to bottom of coal 421 6 

No. 3 of this shaft is undoubtedly the Shoal creek limestone, and 
the coal is here about 370 feet below it, which corresponds very 
nearly with its position in the Sandoval shaft, if the coal at these 
two points is identical, as is probably the case. 

A shaft has been sunk at Okawville by Shulze & Brother, and 
an irregular seam of very good coal was reached at a depth of about 
276 feet. This shaft commences below the horizon of the Shoal 
creek limestone, but as no detailed record of the beds passed through 
was made, no satisfactory conclusion could be formed as to the po- 
sition of this seam in relation to that found at Nashville and San- 
doval. It undoubtedly holds a higher position, and that seam may 
probably be found here by carrying the shaft down to the proper 
depth. If an accurate record of the strata passed through had been 
kept, some estimate of the additional depth required to reach a bet- 
ter seam might be. given, but without it the question can only be 
settled by actual experiment. 

The following record of a boring near Winchester in Scott county, 
made by the Manchester Mining Co., under the direction of Mr. G. 
R. Darling, was furnished by Mr. John C. Andrus. Manchester is 
located near the western borders of the Illinois coal field, and hence 
only about 120 feet of Goal Measure strata were found, including the 
horizon of coals No. 1 and 2, neither of which were thick enough 
to be of any practical value for deep mining: 

Feet. 
No. 1. Boil, clay and in*ayel 59 

No. 2. Fire-clay? 7 

No. 8. Slaty coal, (local) 1 

No. 4. Clayshale 10 

No. 6. Bandstono 1 

No. 6. Coal 2 

No. 7. Hard sandstone 7 

No. 8. Clay shale 10 

No. 9. Limestone 2 

No. 10. Boapstone 10 

No.n. Sandstone 1 

No. 12. Clayshale 12 
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Foet. 

No. 13. Shale and slato 13 

No. 14. Hard sandstono. (base of Coal Measures) 45 

No. 15. Shale 11 

No. 16. Hard silicious stone 4 

No. 17. Sandy shale 7 

No. 18. blate 10 

No. ID. Hard limestone 8 

No. 20. Shale 20 

No. 21. Limestone and shale 10 

No. 22. Shale, very hard 31 

No.23. Sulphuret of iron 1 

No.24. Limestone and shale 2 

No. 25. Limestone C 

No. 26. Shale 1 

No. 27. Hard limestone 21 

Total depth 312 

All the beds below No. 14 of the foregoing section probably belong 
to the St. Louis and Eeokuk divisions of the Lower Carboniferous 
series, and hence are below the horizon of any known coal. 

At Roodhouse, about four miles southwest of Manchester, a shaft 
was sunk for coal, and the lower seam was found to be 2 feet 4 
inches in thickness, with a good roof of black slate. The beds passed 
through, in sinking the shaft, were the following: 

Ft. In. 

Soil, clay and gravel, (drift) 76 

Blue and ash-colored clay shale 15 

Black slate Hoot to 1 3 

Coal 2 4 

Fire-clay and clay shale 18 

A boring made here, struck the St. Louis limestone at a depth of 
about fifty feet below the coal. The roof of the Roodhouse coal is a 
hard black shale or slate filled with nodules of sulphuret of iron, which 
makes a permanent and substantial roof. The under clay seems to 
be of a good quality, and similar to that so extensively used at 
Whitehall for fire-brick and pottery. In Scott county, and in the cent- 
ral and western portions of Greene and Jersey, the two lower coals, 
Nos. 1 and 2 of the general section, are the only ones likely to oc- 
cur ; but on the extreme eastern borders of the last named counties, 
coals 5 and 6 are to be found on Hodge's creek, near the Greene 
county line, and a mile and a half west of Brighton, near the eastern 
border of Jersey county. 

At Gillespie, in Macoupin county, a shaft has been sunk during 
the past year by B. L. Dorsey & Son, for the details of which I am 
indebted to Mr. Alexander Butters. Coal No. 5 was found here at 
the depth of about 365 feet, passing the following beds: 
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Ft. In. 

No. I. Soil and drift clay 24 

No. 2. Coarse limestone 4 

No. 3. Black shale 2 

No. 4. Coal,(No.ll) 1 

No. 6. Fire-clay 1 8 

No. 6. Dark blue shale 3 

No. 7. Limestone 6 

No. 8. Light-blue shale 30 

No. 9. Coal,(No.lO) 4 

No. 10. Fire-clay 2 

No.ll. Light and dark shales 40 

No. 12. Fire-clay 20 

No. 13. Bituminous shale 6 

1^0.14. Limestone, (Carlinville bed) 6 8 

No.l5. Bituminous shale 1 10 

No.16. Coal,(No.9) 3 

No.l7. Fire-clay 1 6 

No. 18. Light-colored shales 58 

No.l9. Soft limestone 2 

No.20. Bituminous shale 3 

No.2l. Coal,(No.8) 7 

No.22. Sandy shale 40 

No. 23. Variegated shales with streaks of coal 17 

No. 21. Sandstone in heavy beds, and shale 55 

No.25. Hard limestone 5 

No.26. Coai,(No.6) 6 

No.27. Fire-clay 1 8 

No.28. Clayshale 8 

No.29. Limestone 27 

No.30. Blackslate 2to 4 

No.SL Coal.(No.6) 7 10 

Bottom of coal 373 5 

Several shafts have been sunk in Sangamon county since the pub- 
lication of the former volumes of the geological reports, but in most 
cases no detailed record was kept. At Girard it was about 340 feet 
to coal No. 5. No details could be obtained of the first 190 feet, 
except that a six-inch seam of coal was found at the depth of 1C4 
feet. The following is a record of the lower part of this shaft: 

Ft. In. 

Drift, clay, shales, etc., details not given 190 

Coal, (No. 8) 1 4 

Shale, with iron bands at the base 71 

FoBsiliferous limestone « 10 

Blackshale 8 2 

CJoal, (No. 7) 1 

Fire-clay 2 9 

(>ray shale 19 

Fine black shale 1 8 

Coal. (No. 6) 6 

Fire-clay 3 3 

Impure limestone 1 3 

Hardgray sandstone 10 2 

Dark gray shale 2 

Blue shale 1 1 

Limestone 3 4 

Light gray shale . 3 3 
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Ft. In. 

Impure limestone 1 S 

Black shale 1 

Gray shale 2 10 

Dark blue shale 6 

Fosslliferous limestone 2 

Dark erray sandstone 1 5 

Shale and limestone 6 3 

Fosslliferous limestone 4 

Black slate 6 

Coal,(No.5) 7 

Total depch 348 

At Auburn coal No. 5 was reached at a depth of 268 feet. The 
coal ranges from six to seven feet in thickness, with a good roof of 
black slate and limestone. No details of the shaft could be 
obtained. 

In Menard county several shafts have been sunk since the publi- 
cation of the report on that county, among which are those at 
Sweetwater, Athens, Greenview and Tallula. The following record 
of the Sweetwater shaft was kindly furnished me by Mr. W. Parkin : 

Ft In. 

No. 1. Soil and brown clay 20 

No. 2. Hardpan 70 

No. 3. Sand 10 

No. 4. Clay 3 10 

No. 6. Black mucky soil (forest bed) 1 2 

No. 6. Clay with streak of smut six Inches 9 6 

No. 7. Limestone 1 2 

No. 8. Clayshale 36 

No. 9. Limestone 1 3 

No. 10. Bituminous shale 3 

No. n. Coal 6 6 

No. 12. Fireclay 6 

Total depth 166 5 

In this shaft they evidently struck the bed rock about the horizon 
of another coal seam, probably Nos. 6 or 7, as the lowest clay bed 
in the above section was reported to have a streak of black clay 
about three feet from the bottom six inches thick, which no doubt 
came from the decomposition of a black shale, or a thin seam of 
coal. 

The Greenview shaft is 97 feet to the top of the coal. The seam 
is about SIX feet thick with a roof of black shale. Bed rock was 
struck at the depth of forty feet. 

The Tallula shaft is 175 feet in depth. Coal five to six feet in 
thickness, with the usual black shale roof. The fire clay below the 
coal is reported to be 14 feet thick. 
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At Athens two shafts have been sunk. The first one was located 
in the creek bottom about three-quarters of a mile west of town, and is 
155 feet in depth to the top of the coal. This shaft was sunk in 
1869, and was worked mainly to supply the local demand for fuel. 
The new shaft is located near the railroad, and is 227 feet in depth. 
The coal averages about six feet in thickness, and has a good roof 
of black slate and limestone. Both are on the same seam, the dif- 
ference in the depth of the shafts resulting from the higher surface 
level, where the new shaft is located. I visited Athens for the pur- 
pose of obtaining the necessary detailed information to enable me 
to report in full upon this shaft, but found no record available, and 
I learned that if such a record had been kept, it was not in the 
possession of the present owners of the mine. 

The following report of a boring for coal at Virginia, in Cass 
county, was furnished by Mr. Joseph Wilson, who was employed 
by the parties interested to superintend the work: 

Ft In. 

No. I. Soil and brown clay 7 

No. 2. Yellowolay 2 6 

No. 8. Blueclay .'.29 8 

No. 4. Hardpan 28 

No. 5. Forest bed (ancient soil) 3 

No. 6. Hardpan.... 44 10 

No. 7. Sandstone 71 11 

No. 8. Hard limestone 1 1 

No. 9. Blackshale 2 6 

No 10. Clayshale 10 3 

No. 11. Coal No. 2 3 6 

No. 12. Fireclay 3 

No. 13. Blackshale o 3 

No. 14. Clayshale 7 6 

No. 16. Potter's clay 13 

No. 16. Coal 2 

No. 17. Sandstone and shale 6 1 

No. 18. Coal 3 

No. 19. Sandstone and shale 6 9 

No. 20. Coal 8 

No. 21. Sandstone and shale 10 4 

No. 23. Coal 3 

No. 23. Sandstone 2 9 

No. 24. Coal 2 

No. 25. Sandstone and shale 3 9 

No. 26. Clayshnle 4 

No. 27. Sandstone 7 5 

No. 28. Hard silicious rock 2 

No. 29. Clayshale 2 6 

No. 80. Hard silicious rock 3 6 

No. 31. Hard trreen shale 2 10 

No. 32. Limestone 9 1 

No. 33. Sandstone 1 8 
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Ft In. 

No. 34. Limestone •. 62 4 

No. 35. Sandstone 8 

No. 36. Gray limestone 1 

No. 37. Sandstone 2 

No. 38. Limestone 2 3 

No. 39. Sandstone 18 

No. 40. Drabclayshale 6 6 

No. 41. Sandyshale 5 3 

No. 42. Shaly limestone 4 1 

No. 43. Quartz band 4 

No. 44. Shaly limestone 3 8 

No. 46. Clayshale , .. 6 

No. 45. Shaly limestone 16 9 

No. 47. Yellow flint band , 1 

No. 48. Clayshale 3 7 

No. 49. Hard f^ray limestone 4 1 

No. 50. Shaly limestone 6 2 

No. 51. Shale with bryozoans 2 2 

No. 62. Shaly limestone 4 7 

449 6 

The coal from No. 8 of this boring appeared to be of excellent 
quality, and if the roof proves to be suflSciently firm, the seam can 
be worked to good advantage. Nos. 16 to 24 represent the horizon 
of coal No. 1, divided here into five thin seams of only a few inches 
in thickness, and too thin in the aggregate to be of any practical 
value. 

The base of the Coal Measures is probably the hard silicious rock 
No. 30, while Nos. 31 to 39 represent the St. Louis and Warsaw 
beds, and all below and including No. 40 belong to the Keokuk 
limestone. 

An unsuccessful attempt to obtain coal was made at Farmer City, 
by sinking a shaft to the depth of 163 feet without reaching bed- 
rock, and then boring to the depth of about 313 feet below the 
bottom of the shaft, making a total depth of 476 feet. For the 
details of this boring I am indebted to Mr. Bowdon, under whose 
supervision it was made. 

Ft. In. 

Shaft 163 

Blue clay 7 

Hardpan 18 

Clay shale 2 

Sandstone 4 5 

Clay shale 46 3 

Black shale 2 4 

Coal 1 6 

Fire clay 8 10 

Gray sandstone 3 10 

Clay shale 2 1 
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Ft In. 

Hard rock (limestone?) 8 1 

Black shale 2 « 

Clay shale 8 4 

Limestone 6 4 

Sandstone 1 6 

Shale and slate 36 

Hard sandstone 8 8 

Fire-clay 2 10 

Shale 45 10 

Soft sandstone 2 6 

Clay shale ^ 03 

Coal 1 5 

Fire-clay 8 

Total depth 476 10 

I am of the opinion that the coal seam at the bottom of this 
boring is number six or seven of the general section, and if so, 
number five would be found from fifty to seventy-five feet below, 
and would probably be from four to six feet in thickness. 

A coal shaft has been sunk at Decatur to the depth of about 600 
feet, but I have not been able to obtain any reliable inf(Hination in 
regard to it, further than a copy of the published record of the 
boring made previous to sinking the shaft. I visited the locality 
shortly after the shaft was completed, and found, by an examina- 
^iion of the roof shales, that it was probably coal No. 5, and was 
told that it was about four and a half feet in thickness, although 
the published record of the boring gives but three feet six inches 
as the thickness of the coal. For the privilege of copying this 
record from a Decatur paper I am indebted to Mr. Stoddard, of 
Mattoon. That this boring is not quite reliable, is shown by the 
fact that it records a six foot one inch seam of coal at the depth 
of 418 feet, while the shaft was sunk to the depth of about 600 
feet to a seam but little more than two-thirds the thickness of the 
one reported above. The coal passed through at the depth of 413 
feet was probably coal No. 8 of the general section, which seldom 
exceeds two feet in thickness, and is often replaced entirely 'by bitu- 
minous shale. The following is a copy of the published record of 
this boring: 

Ft In. 

No. 1. Superficial deposits, oonsistinfir of clay. sand, hard-pan, and two distinct 

forest beds 110 6 

No. 2. Argillaceous shale 52 6 

No. 3. Bituminous shale 3 

No. 4. Calcareous shale 14 

No. 6. Marly sandstone 1 

No. 6. Calcareous shale 32 

—2 
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Ft Td. 

No. 7. ArgillaoeoDB Bandstond G 

No. 8, Red shale 2 

No. 9. AriflllaceoaB UmeBlone B 

No. II). Brown Bbale 7 

No. U. AntlUsoooiiB llmestoDS 2 

No. la. Calcftreons shale 2 6 

Ko. 13. Colli and bitumlnooB ebaie 3 

No, 14, CsloftroouB Bbole 6 6 

No. 15. Brown shale a 

No. 16. ArslllaceouB aandatone 41 8 

Ho. 17. Coal 6 

No. IB. AfBiUaoeouB ahttlB 8 6 

Ho. 19. Nodular UmeBlona 9 

No. M. CalaareouH shale 6 

No. 21. Arelllaceoua shale 10 

No. S2. Hard limeBtone » 

No, as. Argillaceous shale 2 B 

No.a4. BliomiiiouB Bhote 2 

No, 26. AntiUaceouB ahale 12 

Ho. as. Hard limestone 7 6 

No. 27. AtglllaoeouB itmestone 1 6 

No. 28. Blank and sray shale 1 

No. 29. Arslllaaeoua shale 3 t 

No. 30. ArfflllBoaoua Umastone 28 6 

No. SI. AfBtllaoeoua shale 9 

No. 33, Argillaceous aandstone 27 6 

No. 33. Caloareoua shale 2 

No. 34. Bituminous shale 1 fi 

No. 35. Coal 6 1 

No. 36. Argillaceous nodular shale IS 

Ho. 37. ArglMaceous slaty Bbale 19 

No: 38. Hard gray limestone 17 

No. 89. Sod shale i 6 

No, 40. Bituminous Bhftle 1 

No. 41, ArgUlaoeous shale 4 6 

No. 42. Brown Bhala 9 S 

Calcareous ahole 9 3 

Arfdllacaous llmeatone 3 

Calcareous shale 3 3 

Red variegated shale 9 

Gray arglllaoeous shale 18 

Bituminous shale 8 3 

Qray arglllaoeous shale 1 3 

BItumlDOus shale 1 6 

Oray. calcareous shale 6 

BltumluouB shale 1 

Coal andllmBBtone 1 

Bituminous shale 6 

Boft llmoatone 1 

Arglllaceoua shale 2 

Bituminous shalo 7 

Coal 8 

Gray shale 9 

Argillaceous limestone 6 9 

Shale 6 

Limestone i 10 



COAL MEASURES. 19 

Ft In. 

No. 63. Coal 6 

No. 64. Blue and gray shales 14 5 

No. 65. Marly sandstone 1 6 

No. 66. Calcareous shale 6 

No. 67. Sandstone 15 

No. 68. Grayslate 5 9 

No. 69. Bituminous shale 2 S 

No. 70. Coal 3 6 

No. 71. Fire-clay 2 

Total depth 608 9 

No. 22 is probably the CarJinville limestone, and No. 35 the rep- 
resentative of No. 8 coal, and beyond this the strata cannot be 
positively identified with those occurring at other localities in the 
adjacent portions of the State. 

In the Niantic shaft, coal No. 5 was found at the depth of about 
850 feet. The seam was there five and a half feet in thickness, 
overlaid by three feet of black shale. The following record of the 
shaft was furnished by Mr. W. W. Conard, under whose superin- 
tendence the work was done: 

Ft In. 

No. 1. Boil and brown clay 11 

No. 2. Band and gravel 4 

No. 3. Gravelly hard-pan 25 

No. 4. Blue hard-pan 10 

No. 5. Soft clay 16 

No. 6. Gray hard-pan .* 10 

No. 7. Soft brown clay 7 

No. 8. Limestone... 10 

No. 9. Blue flinty rock 2 

No. 10. Black slate... 3 

No. 11. Fire-clay 6 

No. 12. Limestone 10 

No. 13. Blue and sray shale 7 

No. 14. Black shale 1 

No. 16. Coal No. 9 2 

No. 16. Fire-clay 1 

No. 17. Nodular limestone 5 

No. 18. Clay shale 6 

No. 19. Soft blue sandstone : 16 

No. 20. Gray shale 42 

No. 21. Coal No. 8 1 3 

No. 22. Fire-clay 2 6 

No. 23. Sandstone 10 

No. 24. Gray shale 46 

No. 26. Hard flinty rock 10 

No. 26. Black shale 3 

No. 27. Fire-clay 9 

No. 28. Blue and red shales 15 

No. 29. Black slate 5 

No. 30. CoalNo.7 1 3 

No. 31. Fire-clay 4 6 
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Ft. In 

No. 32. Black shale II 

No. 33. CoalNo.6 2 6 

No. 34. Clay shale 15 

No. 35. Bliick shale 3 

No.3(>. Co^l (local) « 10 

No. 37. Fire-clay 2 

No. 38. Gray shale 14 

No. :». Hard black rock (limestone) ' 1 

No. 40. Blackslate 3 

No. 41. CoalNo.5 5 6 

Total depth..... 354 6 

All the coal seams from 5 to 9 are clearly represented in this 
shaft, and are readily identified. It is to be regretted that such 
records are not kept of every shaft sunk in the State, for they 
would be of permanent value to the proprietors and operators alike, 
in settling many questions that necessarily arise in coal mining 
operations, and would prove a source of scientific as well as eco- 
nomic information to all who desire to become acquainted with 
the fuel resources of the State. In visiting the various shafts that 
have been sunk within the past three or four years, 1 have found 
that not more than one-third of the whole number have preserved 
any record whatever of the different beds passed through. 

Two very important expenments have been made during the past 
two years, to determine whether the main coal seams could be 
found available over the central portion of the Illinois coal field, 
and both have proved successful. The first one undertaken was the 
shaft at Mattoon, which is probably the deepest one west of Pitts- 
burg. In this, coal No. 2 of the general section was found at the 
depth of about COO feet. No. 5 was passed at a depth of nearly 
700 feet, but was found to be too thin to be of any practical value. 
For the following details of the Mattoon shaft 1 am indebted to 
Theo. Jonte, Esq., and Mr. Stoddard: 

MATTOON SHAFT. 

Ft. In. 

No. 1. Surface soil 6 

No. 2. Yellowclay 8 

No. 3. Bluesand 3 

No. 4. Hard-pan 35 

No. 5. Sand and gravel 17 

No. 0. Blue clay and gravel 38 

No. 7. Green clay shale 15 

No. 8. Limestone I fi 

No. 9. Clay shale 23 

No. 10. Limestone 2 

No. 11. CoalNo.l5 4 

No. 12. Fire-clay 4 
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Ft. In. 
No. 13. Clay shale •. 83 

No. 14. Black shale and coal (coal No. 14) 5 

No. 15. Red shale 20 

No. 16. Sandstoneand lime 108 

No. 17. Coal No. 13 1 6 

No. 18. Fire-clay 3 6 

No. 19. Clay shale 66 

No. 20. CoalNo.l2 8 

No. 21. Fire-clay 3 

No. 22. Sandstone 6 

No. 23. Coal No. 11 7 

No. 24. Fire-clay and shale U 

No. 25. CoalNo.lO 11 

No. 26. Fire-clay 4 

No. 27. Limestone, upper part shaly 37 

No. 28. Coal No. 9 4 

No. 29. Sandy shale 79 

No. 30. Clay shale 28 

No. 31. CoalNo. 7 lft.6in.to 2 6 

No. 32. Dark clay shale 2 6 

No. S3. Coal 2 

No. 34. Fireclay 3 

No. 35. Gray shale 12 

No. 36. Limestone 15 

No. 37. Black slate 2 feet, coal 1 Inch (coal No. 6) 2 1 

No 38. Clay shale 36 

No. 39. CoalNo. 5 1 1 

No. 40. Sandstone and shale 72 

No. 41. CoalNo. 3 11 

No. 42. Fireclay 2 5 

No. 43. Limestone 8 

No. 44. Blueshale 2 

No. 45. Hard gray limestone 12 

No. 46. Sandy shale 58 

No. 47. Sandstone and .^hale 40 

No. 48. Grayshale 19 

No. 49. CoalNo. 2 4 

Total depth 908 

No indications of coal No. 4 were noticed, and its place is about 
midway between coals 3 and 5, but with that exception the whole 
series from No. 2 to 15 come in in regular order, and are readily 
identified. The product from No. 2 in this shaft is a clean bright 
coal, apparently nearly free from iron pyrites, and, judging from 
its external appearance, sufficiently free from all deleterious sub- 
stances to be used in its raw state for smelting iron. A block of 
the roof shale of No. 5 was sent to my office by Mr. Jonte, and I 
found it filled with Discina nitida, Ltngulu mytiloides and Cardinia? 
fragilis, which characterize this coal in all the shafts in this and 
the adjoining counties, and fix the horizon of that coal in this shaft 
beyond question. 
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Great credit is due to the stockholders in this mining enterprise, 
and to the citizens of Mattoon generally, for their persevering efforts 
in bringing this costly experiment to a successful termination. 

The other important experiment alluded to above, was made with 
the diamond drill at Pana, and was successful in finding a coal 
seam about seven feet in thickness at the depth of a little over 709 

feet. For the following details of this boring I am indebted to J. 
W. Ketchell, Esq., of Pana, in whose office I was permitted to ex- 
amine the core of rock taken out with the drill as the work pro- 
gressed : 

PANA BOBINO. 

Ft. In. 

No. 1. Soil and brown clay U 

No. 2. Hardpan 2 

No. 8. Blueolay 2 

No. 4. Sand and erravel 12 

No. 5. Hardrodclay 18 

No. 6. Forest bed 3 6 

No. 7. Blueclay 67 

No. 8. Forest bed 2 6 

No. 9. Clay 19 4 

No. 10. Limestone 3 1 

No. 11. Clay shale with lime nodules 2 10 

No. 12. Clay shale— upper part red 8 3 

No. 13. Blue and i^ray limestone 16 10 

No. 14. Dark clay shale 1 4 

No. 15. Gray limestone 12 6 

No. 16. Sandy shale 2 10 

No. 17. Sandstone and shale 43 6 

No. 18. Fine trained sandstone 18 

No. 19. Bluish clay shale 14 9 

No. 20. CoalNo.l2 6 

No. 21. Black and f^ay shale 9 

No. 22. No core, probably flre-clay 4 2 

No. 23. Blue and chocolate colored shale 41 9 

No. 24. Calcareous shale with fossils 9 

No. 25. CoalNo.ll 11 

No. 26. Pebbly fire-clay 4 5 

No. 27. Greenish clay shale 10 6 

No. 28. Sandy shale and sandstone 48 6 

No. 29- Clayshale 3 

No. 30. Dark fossiliferous shale— coal No. 10 3 lo 

No. 31. Sandy shale 16 11 

No. 32. Blue clay shale 3 1 

No. 33. Fossiliferous shale 8 

No. 34. Gray limestone 9 8 

No. 35. Blue clay shale 1 lo 

No. 36. Black shale (No. 9 coal) 3 4 

No. 37. No core, probably flre-clay 2 

No. 38. Sandstone 3 8 

No. 39. Calcareous sandstone and shale 22 2 

No. 40. Blue clay shale 28 8 

No. 41- Fossiliferoas shale ,, , 10 
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Ft In. 

No. 42. Black shale 4 7 

No. 43. Coal(local) 8 

No. 44. Fire-clay and nodular arff. limestone U 1 

No. 4b. Mottled dark sandstone 13 

No. 46. Striped sandy shales 66 8 

No. 47. Olayshale 2 8 

No. 48. Fossiliferous shale 6 

No. 49. CoalNo.8 1 1 

No. 50. Shale and :iire-olay 1 6 

No. 61. Sandy shales and sandstone 87 6 

No. 62. CoalNo.7 6 6 

No- 63. Dark clay shale 16 

No. 64. Dark argillaceous limestone 6 

No. 55. Bituminous shale 4 

No. 56. No core (soft calcareous shale?; 7 8 

No. 67. Hard pyritiferous rock 4 9 

No. 68. CoalNo.6 2 8 

No. 69. Hard clay shale S 

No. 60. Argillaceous limestone 3 6 

No. 61. Darkshale 5 2 

No. 62. Dark gray limestone 12 

No. 63. Blaokshale 4 

No. 64. Septaria (nodule) 10 

No. 66. Blackshale 1 

No. 66. Coal 7 8 

Total depth 719 6 

The surface deposits at Pana proved to be about 127 feet thick, 
and consequently they struck the bed-rock considerably below the 
horizon of coal No. 14, which outcrops on the creek two or three 
miles south of the city. No. 13 could not be identified in the bor- 
ing, and its place would be not far below No. 15 of the section. 
One interesting feature of the superficial deposits here was the 
presence of two distinct Forest beds, or ancient soils, one three and 
a half and the other two and a half feet thick, and separated by 
57 feet of blue clay. One or both of these ancient soils have been 
found over a large portion of the State, and they present a serious 
obstacle to the land ice or glacier theory of the origin of the Drift 
deposits. 

Another important boring with the diamond drill has been made 
by the Ellsworth Coal Company, two miles west of Danville. This 
boring shows the general development of all the coals in the lower 
Coal Measures from No. 7 to the bottom of the series. It com- 
mences just below the Danville coal, which is No. 7 of the general 
section, and ends in the sandstone at the base of the Coal Measures. 
These lower seams have their outcrop in Indiana, and this is the 
first attempt that has been made on the eastern border of the coal 
region in Illinois to ascertain whether any of the lower seams could 
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be found in that portion of the State of sufficient thickness to be of 
practical value. 

PANTHJiB BORIKO. 

Ft. In. 

No. 1. CoalNo.7 

No. 2. Shale 3 8 

No. 3. Coal flower division of No. 7) o 6 

No. 4. Blue and Array shale 17 11 

No. 5. Blaokshale 1 11 

No. 6. Coal No. 6 (Grape creek) 2 11 

No. 7. Fire-olay 3 7 

No. 8. Limestone and shale 6 5 

No. 9. Sandy shales 16 5 

No. 10. Grayshale 82 10 

No. 11. Black shale 8 

No. 12. Dark fH'ay shale 16 2 

No. 18. Sandstone and shale 14 4 

No. 14. CoalNo.4 1 6 

No. 15. Shale 9 4 

No. 16. CoalNo.3 8 

No. 17. Grayshale 1 6 

No. 18. Yarieffated shales, bottom black 23 

No. 19. CoalNo. 2 4 1 

No. 29. Shale and limestone 8 

No. 21. Coal— upper division of No. 1 9}i 

No. 22. Blackshale 3 

No. 23. Coal— lower division of No. 1 1 9 

No. 24. Shale and sandstone 66 10 

Total 286 5 

This boring has demonstrated that coal No. 2 may be found in 
this portion of the State with a more than average thickness of fou 
feet, and the superior quality of the coal 'which it aflFords will stim- 
ulate those largely interested in coal mining operations to carry their 
shafts down to this horizon, even where the thicker seams above 
are well developed. The Ellsworth Coal Company are entitled to 
the credit of making the first effort to ascertain what could be found 
on the eastern borders of the Illinois coal field below the horizon of 
coal No. 6. 

On the western border of the coal field in nearly the same lati- 
tude, a shaft was recently sunk through the lower portion of the 
Coal Measures, but developing no coal that was more than thirty 
inches in thickness. For the following details of the shaft at Prairie 
City, in McDonough county, I am indebted to Mr. B. F. Worden, 
of that place: 

Ft. In. 

No. 1. Soil and drift clay 37 

No. 2. Black fissile rook 1 

No. 3. Cannel coal— No. 4? 8 

No. 4. Clayshale 11 
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Ft. In. 

No. 6. CoalNo.3 2 

No. 6. Fire-clay 2 6 

No. 7. Sandstone 13 6 

No. 8. Clayshale 15 6 

No. 9. CoalNo.2 10 

No. 10. Clavshale 2 6 

No. 11. Hardrook ; 2 

No. 12. Clayshale 19 

No. 13. Calcareous sandstone 13 

No. 14. Black shale 4 

No. 15. Coal(local) 4 

No. 16. Fire-clay 1 

No. 17. Sandstone 4 

No. 18. Clayshale ^ 13 (> 

No. 19. Slate 8 

No. 30. CoalNo.l 1 5 

No. 21. Cannelcoal 7 

No. 22. Mixture of coal and slate 1 

Total depth of shaft 154 4 

From this point a boring was made to the depth of 38 feet, pass- 
ing through the following strata: 

Ft. 

Clayshale 22 

Sandstone 8 

Clayshale 4 

Sandstone 4 

Gray limestone (Lower Carboniferous). 

The gray limestone at the bottom of this boring is probably the 
upper division of the Lower Carboniferous series, and no coal would 
be found by sinking to a greater depth. Nos. 19, 20 and 21 of the 
shaft probably represent coal No. 1, while No. 15 represents a local 
seam. No. 9 is coal No. 2, No. 5 is coal No. 3, and No. 3 of the 
shaft is either a local development or a representative of coal No. 4 

No. 18 is said to be an excellent quality of tile clay, and the shaft 
may be utilized in the production of this useful article for the man- 
ufacture of pottery and drain tile on a large scale. 

A. boring made at Milford, in Iroquois county, was carried to the 
bottom of the Coal Measures, reaching the Lower Carboniferous 
limestone at about 200 feet, and though two coal seams were passed 
through neither of them were thick enough to be of any practical 
value. The following beds were passed through in this boring: 

Ft. In. 

Clay, sand and gravel llo 

Clayshale 34 

CoalNo.2 1 2 

Fire-clay 2 
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Ft In 

Clorehale 'JB 

SsQdatoria IS 

OlafBhaJe ^ 

Coal No. 1 8 

Flreolar 3 

Sandstone 5 

Bbale » 

SaodBtone 3 

Lower CarbonUeroDB limestono B 6 

Total depth a» 4 

The following record of a boring made at Charleston, in Coles 
oonnty, was furnished by Mr. C. B. Swan, under wliose direction 
the work waa done : 

Ft 

No. 1. Boll HDd Burtiioe alar IS 

No. 3. Hard-pm IB 

Ho. 3. Gray Bh&le M 

No. 1. Fire-olaj 8 

No. S. Shale SO 

No. d. Llmeetono 4 

No. 7. Shale 3 

No. B. Limestone 20 

No. 9. Oreenshale a 

So. 10. Black Bh^e S 

No. 11. LlmeBtona 7 

No. 12. Black ahale 5 

No. 13. Gray slate 45 

No. 14, Coal 3 

No. IB. Flra-clay 3 

No. 18. Qraj Bhale 'IS 

No. n. Black Bhala 10 

No. IB. Coal 3 

No, 19, Fire-clay 3 

No, ao. Gray Bhale 16 

No, 31. LlmoBtooe a 

No, 32. Black shale 9 

No. 23. LlmeBtone IB 

No. 24. Lluht sliale 43 

No. 25. Black shale 44 

No. 26. Red shale lo 

No. 27. Limestone 80 

No. 38. Clay Bbale 36 

No. 29. Coal 4 

No.80. Fire-clay 4 

No. 31. Limestone 6 

No. 32. Clay ehale MS 

No. 33. Limestone and shale II 

No. 34. Bandy shale 40 

No. 36. Black ahale 5 

Ho. 36. Coal 5 

Total depth 623 
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I am not able to correlate this boring, either with the shaft at, 
Mattoon or the diamond drill boring at Pana. I am satisfied that 
it is not deep enough to reach the horizon of coal No. 5, but it is 
possible that the lowest coal reported in the boring may be No. 7, 
and if this conclusion is correct, No. 5 would be found at from 60 
to 75 feet below. The limestones reported in this boring have no 
analogues any where else in the Coal Measures, either in the num- 
ber of the beds or their aggregate thickness. Nos. 6, 8 and 11 
constitute a calcareous mass 31 feet in thickness, with only about 
8 feet of intervening shales, and in my examinations of the outcrops 
on the Embarras river, in this and the adjoining county of Cuna- 
berland, no such heavy beds of limestone were found. 

The '*Fusulina'* limestone which outcrops in the vicinity of Green- 
up, and along the Embarras river at intervals nearly to the south 
line of Coles county, is nowhere more than five feet in thickness, 
and I found no calcareous shales of any considerable thickness 
associated with it that could be mistaken in the boring for lime- 
stone. This may be represented, however, by No. 6 of the boring, 
and the 20 foot limestone No. 8 may be the equivalent of the 
Quarry Creek limestone of Clark county, ^^which is underlaid by a 
green shale there, and possibly agreeing with that reported under 
the limestone in this boring. Below this there are four other beds 
of limestone reported, varying in thickness from six to twenty feet, 
making an aggregate of some 80 or 90 feet. If this is a true record 
of the Coal Measure strata underlying Coles county, it shows a 
greater thickness of calcareous beds here than have been found else- 
where in the State. 

BOBINO AT H&BYBIi. 

Feet 

No. 1. Surface soil and clay 17 

No. 2. Sandyshale... 3 

No. 3. Clayshale 56 

No. 4. Limestone 10 

No. 6. Clay shale 12 

No. 6. Liraestone 6 

No. 7. Green shale 30 

No. 8. Black shale 4 

No. 9. Sandy shale 20 

No. 10. Clayshale 160 

No. 11. Limestone 3 

No. 12. Clayshale 30 

No. 13. Black shale 3 

No. 14. Clay shale 40 

No. 15. Limestone 2 

No. 16. Clay shale 1» 

No. 17. Black shale 3 
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Feet. 

No. 18. Clay shale 86 

No. 19. Limestone 7 

No. 130. Clay shale 26 

No. 21. Sandstone 8 

No. 22. Clay shale 8 

No. 23. Limestone I 

No. 2». Black slate 2 

No. 25. Clay shale 10 

No. 2fi. Limestone 2 

No. 27. Clay shale 84 

No. 28. Sandyshale 4 

No. 29. Lifirht firray sandy shale 85 

No. 30. Sandyshale 38 

No. 31. Clay shale 2 

No. 32. Sandyshale and sandstone 109 

Total depth 775 

Harvel is about fifteen miles N.NE. of Litchfield, in Montgomery 
county, and on comparing the above boring with the shaft and 
boring at the latter locality, given on a subsequent page, it will be 
seen that there is no correspondence worthy of note between them. 
The thinning out and consequent disappearance of a coal seam in 
certain localities is not an unusual occurrence, but the entire 
absence of a half dozen seams where they might be expected to 
occur, is quite an extraordinary occurrence. 

For the following record of the escapement shaft at Dawson, in 
Sangamon county, sunk by the Wabash Coal Company, I am in- 
debted to Mr. Tl\omas P. Mowitt: 

Ft. In. 

No. 1. Surface soil, clay and sand GO 

No. 2. Clay shale, with bands of hard rock 105 

No. 3. Blue shale 3 

No. 4. Hard conglomerate 1 

No. 5. Fire-clay 4 

No. 10. Red shale 10 

No. 11. Bastard slate 3 6 

No. 12. CoalNo.6 1 

No. 13. Fire-clay 2 

No. 14. Hard brown rock 8 

No. 15. Hard gray sandstone 36 

No. 16. Clay shale 12 

No. 17. Limestone (cap-rock) 1 

No. 18. Blackslate 2 6 

No. 19. CoalNo.5 5 

Total depth 249 1 

Dawson is 55 feet above the station at Riverton, where the Eiver- 
ton coal shaft is located, and as the depth of the Dawson shaft was 
was not deep enough to allow for the average dip of the coal to the 
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eastward, 1 was inclined to believe before seeing the record of the 
Dawson shaft that the seam they were working was No. 6, and that 
No. 5 was to be found some thirty or forty feet below. But on 
comparing the record of the shaft at Dawson with that at Riverton, 
I am convinced they are both on the same seam, though the dip 
between these points is scarcely more than one foot to the mile, 
while from the western outcrop of No. 5 to Riverton. it averages 
about seveu feet. From Dawson to Niantic it averages nearly the 
same, while from Niantic to Decatur it increases to at least twelve 
or fourteen feet to the mile. 

Section of the Winona shaft at Winona, near the northeast cor- 
ner of Marshall county, furnished by Mr. E. L. Monscr: 

Ft. In. 

No. 1. Soil and yellow clay 10 

No. 2. Blueclay 46 

No. 3. Sand 10 

No. 4. Hardpan 34 

No. 5. Iledclay 3 

No. 6. Soft clay shale 3 

No. 7. Hard limestone 1 6 

No. 8. Brownshale 6 

No. 9- Sandstone 7 

No. 10. Blue shale 13 

No. 11. Dark clay shale 4 

No. 12. Limestone 13 

No. 13. Grayslate 3 6 

No. 14. Blackslate 3 

No. 15. Coal (poor) No. 10? 6 

No. 16. Grayslate 11 

No. 17. Blueshale 2 

No. 18. Limestone (top hard) II 

No. 19. Brownshale 8 

No. 20. Clayshale « 

No. 21. Hard sandstone 2 

No. 22. Clayshale 4 

No. 23. Brownshale 2 

No. 24. Blueshale 6 

No. 25. Hard limestone 2 

No. 26. Blueshale 4 

No. 27- Clayshale (ifray) 17 

No. 28. Blue shale 5 

No. 29. Brownshale 14 

No. SO. Blue sandstone 30 

No. 31. Grayslate 14 

No. 32. Dark shale 38 

No. 33. CoalNo.7? a 4 

No. 34. Fire-clay (top. good) 10 

No. 36. Sandy shale 8 

No. 36. Clayshale 18 

No. 37. Black shale 3 

No. 38. Darkshale 2 

No. 89. Brown shale 3 
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40. Flint rock? 

<1. DarkBlata 

42. Nodular fire-clay 

43. Brown shale 

44. Fire-clay 

45. Sandysfaale 

4fi. Boftolay Bhale 

47. Sandstone 

48. Gray Blate 

49. Dark Slate with Iron bande 

60. Oray slate witb sulphur bnlls 

51. Black alate. with [OBSll sheilH 

62. Gray shaie, with shells and plants 

53 Black Blate 

54. Blue claj shalo. 

U. Limestone In two bauds, with 3 Inches shala 

J*. Dark soapstoae 

67. Limestone 

58. Dark olay shale 

69. Black Blato 

00. Coal— upDorS Inches cannel. No. 4 

Bl. Fire-clay 

82. Limestone 

GS. Dark clay shale 2 

04. Black slate 5 

66. OoalNo. 3 1 

66. Fire-clay 6 

67. Limestone 2 

68. Clay shale (light and dark! 22 

6». Coal {poor) 

70. Sandstone, with sulphuraiid llnch coal 4 

71. Dark may shale 13 

72. Hard sulphur rock 3 

73. Blackslate 4 

74. Gray slate and shale 11 

76. Coal No. 2 2 



Total depth 676 4 

The coal at the bottom of thie shaft is without doubt coal No. 2 of 
the general seetioii, though it is not quite so thick here as it averages 
iD LaSalle county. Quite poBBibly its average thicknesB will prove 
to be greater than the above figures may indicate. It is one of the 
most perBistent eeams in the State, and furnishes a better quality 
of coal usually than any of the others. Its fieedom from sulphur 
IB sometimes so complete that it can be used in the raw State for 
smelting iron. 

A boring made at Marissa, in St. Clair county, commenced under 
the Belleville coal, shows that there is no coal seam of any value 
below that in that part of St. Clair county. 
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Boring at Marissa, commencing at the bottom of the Belleville 
coal: 

Ft In. 

No. 1. Fire-clay 7 11 

No. 2. Limestone or septaria... 2 10 

No. 3. Fire-clay 1 

No. 4. Septaria? 11 

No. 6. Clay shale, with concretions of iron ore 50 10 

No. 6. Blackshale 6 6 

No. 7. Clayshale 33 

No. 8. Blue slate, with nodules 18 3 

No. 9. Limestone 1 3 

No. 10. Blaokslate 6 

No. 11. Coal 1 3 

No. 12. Fire-clay and coal 2 7 

No. 13. Fire-clay 5 4 

No. 14. Coal 10 

No. 16. Fireclay 11 6 

No. 16. Yarieflrated shale 1 6 

No. 17. Liffht sandy shale 8 9 

No. 18. Dark limestone 3 

No. 19. Li^ht micaceous sandstone 16 6 

No. 20. White fine irralned sandy shales 50 1 

Total depth 225 1 

Salt water commenced flowing in No. 17, and increased so as to 
stop further progress in No. 20. The lower coals are probably 
represented by Nos. 11 and 14, neither of which are of any practical 
value. The sandstone and sandy shale constituting the last 65 feet 
probably represent the sandstone usually found at the base of the 
Goal Measures. 

The following is a record of a boring for coal made at Lementon, 
in St. Clair county, on the line of the B. & S. I. R. R., for which 
I am indebted to Mr. E. C. Leonard: 

Ft. In. 

No. 1. Soil, clay and (nravel 38 

No. 2. Carbonaceous clod coal No. 6? 1 

No. 3 Clayshale 11 

No. 4. Red and yellow sand? 1 

No. 5. Clayshale 12 

No. 6. Hardrock 1 

No. 7. Clayshale 7 

No. 8. Blackslate 9 6 

No. 9. CoalNo.6 1 6 

No, 10. Fire-clay and shale 84 

No. 11. Hardrock 1 6 

No. 12. Blackslate 3 6 

No. 13. CoalNo.3 2 

No. 14. Fire-clay and clay shale 9 

No. 15. Brownshale 4 

No. 16. Hard blue shale 9 

No. 17. Blueslate 1 
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Ft, In. 

No. 18. Sandstone 9 

No. 19. Brownshale 1 

No. 21. Sandstone 1 

No. 21. Coal No. 2 1 



Total depth 166 2 

Although this boring commences above the horizon of No. 5 coal, 
it was found to be too thin at this point to be of any practical 
value, while the two lower seams penetrated in the bore were also 
valueless. This barren area is not very extensive, as No. 5 out- 
crops on Silver creek, about four miles a little east of north from 
Lementon, with its normal thickness of five to six feet. Probably 
a boring two or three miles east of this point would result in find- 
ing this seam of coal with its average thickness, and at less than a 
hundred feet from the surface. 

The following is a record of a boring made at Chapin, on the 
county line between Scott and Cass counties: 

Ft la 

No. 1. Soil and drift clays 51 

No. 2. Clay shale 6 

No. 3. Sandstone 23 

No. 4. Brown shale 14 6 

No. 5. Sandstone 14 6 

No. 6. Dark shale 6 

No. 7. Sulphurrock 9 

No. 8. Clayshale 17 

No. 9. Sulphurrock 4 

No. 10. Fossiliferous limestone 1 

No. 11. Hard black slate 3 

No. 12. Coal 2 

No. 13. Fire-clay 3 

No. 14. Limestone 1 

No. 15. Clayshale 3 

No. Ki. Blue limestone 4 9 

No. 17. Fire-clay 7 

No. 18. Sandstone 4 

No. 19. Gray shale 7 6 

No. 20. Hard sandstone 3 

No. 21. Sulphur rock and coal 2 2 

No. 22. Gray limestone 3 

No. 23. Coal and black shale 1 9 

No. 24. Gray limestone 2 6 

No. 25. Conglomerate 1 9 

No. 26. Gray limestone 2 6 

Total depth .' 186 

A shaft was sunk to the first coal, No. 12 of the record, but it 
proved to be an unproductive seam, and the experiment was soon 
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abandoned. It is probably the same as the Neeleyville coal, but it 
is only about half as thick here as it is at Neeleyville, two miles 
further west. 

A shaft was commenced by Mr. Loy, at Edgewood, in Effingham 
county, and when last reported on was down nearly to the base of 
the upper Goal Measures, and as it was commenced above coal No. 
16, the highest seam in the State of any practical value, the record 
is very interesting as showing the regular developments of these 
upper seams in the centre of the basin. For the following record I 
am indebted to Dr. G. W. Bassett, of Vandalia: 

EDGEWOOD SHAFT. 

Ft. In. 

No. 1. Soil. olay. sand and gravel 69 6 

No. 2. Rotten sandstone 1 

No. 3. Yellow clay shale » 

No. 4. Bed sandy shale 2 

No. 6. Gray shale 16 6 

No. 6. Gray limestone 3 

No. 7. CoalNo.16 5 

No. 8. Blueshale 3 

No. 9. Sandstone and sandy shale 13 

No. 10. Dark clay shale 20 

No. 11. Impure flre-olay 6 

No. 12. Hard calc, sandstone 3 

No. 13. Gray sandy shale 8 

No. 14. Clay shale, bottom dark 10 

No. 15. Coal smut 4 

No. 16. Pebbly limestone and ironstone 3 

No. 17. Dark sandy shale 30 

No. 18. Dark shale with limestone bands 11 3 

No. 19. Coal (semi-block) No. 15 10 

No. 20. Fire-clay, with nodules of limestone 3 

No. 21. Calcareous sand or limestone 8 

No. 22. Blue shale 30 

No. 23. Dark gray shale 30 

No. 24. Dark and fawn-colored fossiliforoua shales 40 

No. 25. Bituminous shale, with shells and crinuids 1 

No. 26. Coal, upper part cannel— No. 14 2 4 

No. 27. Dark (fray fire-clay 3 

No. 28. Sandstone and sandy shale 18 

No. 29. Dark blue shale 6 

No. 30. Dark and fawn-colored shale 12 

No. 31. Coal (semi-block) No. 13 1 10 

No. 32. Fire-clay, with sigillaria, etc 1 

No. 33. Dark sandy shale 12 

No. 34. Dark and fawn-colored shales 27 

No. 36. Black bituminous limestone (fossiliferous) 3 

No. 36. CoalNo.l2 1 2 

No. 37. Fire-olav 2 

No. 38. Dark gray shale, with one inch coal 5 1 

No. 39. Fire-clay 1 6 

No. 40. Hardsandrock 3 

No. 41. Black sandy shale 5 

-3 
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No. 42. Hard sandstone 3 

No. 43. Very dark shale 9 

No. 44. Limestone 4 

No. 45. Jointed fire-clay 4 

No. 46. Limestone 3 

No. 47. Jointed flre-elay 1 6 

No. 48. Black clod-Coal No.ll 1 

No. 49.' Limestone 2 

No. 50. Jointed fire-clay 8 

No. 51. Limestone 1 6 

No. 52. Bituminous shale 1 

No. 53. Darkgray shale, with plants 6 

No. 54. Sandstone, with salt-water 23 

No. 55. Dark srray shale 3 

No. 56. Conglomerate limostone ^ 1 

No. 57. liaish coal— Coal No. 10 8 

No. 58. Black clod 2 

No. 59. Limestone, partly concretionary 4 

No. 60. Blackshale 1 6 

Total depth 483 11 

This shaft terminates apparently not very far above the horizon 
of the Shoal Greek limestone, which lays about 385 feet above the 
coal in the shafts at Sandoval and Gentralia, the nearest points 
where any of the lower coals have been opened, and it would have 
to be sunk about 400 feet further to reach a coal seam of any prac- 
tical value for deep mining. 



BUILDING STONE. 

Many valuable quarries of building stone have been opened in this 
State since the publication of the preceding volumes, but from the 
press of other duties, I was not able to give as much time to their 
examination as was necessary to enable me to report fully upon 
them. 

The location of the Southern Penitentiary at Chester has resulted 
in the development of a very important industry, in connection with 
the extensive beds of limestone and sandstone which had long been 
known to occur at that locality, but had remained comparatively 
useless for the want of the labor and capital necessary for their full 
development. 

That division of the lower Carboniferous formation known as the 
'^Chester Group'* comprises several beds of limestone, sandstone and 
shale, and it is upon the lower part of this formation that the city 
of Chester and the Southern Penitentiary are situated. The follow- 
ing section will show the relative position and thickness of the 
rocks exposed on the Penitentiary grounds: 
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Ft. 

Massive brown sandstone, exposed 25 

Limestone and shale, partly exposed 50 

Green and blue arigrillaceous shales, mostly beneath a covered slope 70 

Massive isray sandstone, with partine? of ffreen and blue shales, exposed 80 

The prison buildings and yard are located on the lower limestone 
of the foregoing section, which is probably more than a hundred 
feet in thickness, and extends below the low-water level of the river, 
and to the height of sixty to eighty feet above low- water mark. The 
quarry in the prison yard has a perpendicular face of about forty 
feet of solid limestone in beds from one to four feet in thickness, 
and presents considerable variety of color and texture. Its prevail- 
ing color is a light gray, passing sometimes into buff, and again 
into a dark bluish-gray. The rock is sufficiently compact to receive 
a high polish, and some of the beds would make a handsome mar- 
ble. The upper part of the bed is semi-oolitic in structure, while 
other portions are almost entirely made up of minute bryozoans, and 
the other low forms of organic life. 

These quarries afford material adapted to all the ordinary uses to 
which limestones are usually applied, and from the favorable loca- 
tion of this institution on the Lower Mississippi, with uninterrupted 
navigation at nearly all seasons to all southern points, and with 
transportation by railroad to the interior towns where building stone 
of good quality is always in demand, a ready market will be found 
for all the varieties of building stone which the prison quarries can 
supply. 

Dimension stone of almost any desirable size may be obtained 
here, and the foundation stone fos the monument to be erected at 
Chester to the memory of Gov. Bond had just been completed, and 
was awaiting transportation to the cemetery at the time of my last 
visit to this locality. This was a single stone, 7^ by 7J feet square, 
and 30 inches thick, and estimated to weigh about 12 tons. 

The prison buildings are mainly constructed of a fine brown 
sandstone, obtained from the upper bed of the foregoing section. 
The quarries from which this rock was obtained are about half a 
mile north of the penitentiary, but on the lands belonging to the 
institution. The quarries present a perpendicular face of about 25 
feet of evenly-bedded brown sandstone, the beds varying in thick- 
ness from four inches to four feet or more. It breaks evenly across 
the lines of bedding, and blocks of any desirable size can be readily 
obtained. When freshly quarried the rock is soft, and can be 
easily dressed, but it hardens on exposure, and forms a handsome 
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and durable stone for massive buildings. The supply of both sand- 
stone and limestone is practically inesbaustible. 

At Evansville, on the Okaw river, a fine quarry of excellent lime- 
stone has been opcne<l, and a large amount of rock for the abut- 
ments of a suspension bridge has been taken out. The quarries are 
located about half a mile back from the river, and a hundred feet 
or more above low-water mark. The rock is a massive light-gray 
semi-oolitic limestone, and is the highest bed otitcropping in the 
vicinity of the town. 

The principal quarry shows a perpendicular faie of about 15 feet 
of massive grayish-drab colored limestone, that closely resembles 
some of the semi-<K)litic beds of the St. Louis group. Some of the 
beds attain a thickness of four or live feet, and will furnish dimen- 
sion stone of any desirable size. 

No characteristic fossils were found in it, but it was underlaid by 
nearly a hundred feet of shales and thin-bedded limestones, filled 
with the characteristic fossils of the Chester group, leaving no 
doubt in regard to the formation to which it belongs. It may, per. 
baps, be the equivalent of the regularly-beddod portion of the upper 
limestone in tlie Chester bluffs. The surface over which it forms 
the bed rock is considerably broken by sink holes, similar to, but 
smaller than those which prevail where the St. Louis hmestone is 
the underlying rock. Should a railroad be constructed through this 
part of liaiidolph county, these quarries would become a source of 
proUt to the owners, and would add an important item to the busi- 
ness of the road. 

Itoclrilli' Qiiiirrks. — Two miles and a half west of Seville, in Ful- 
ton county, extensive quarries have been opened since the report 
on that county was publislied, in a sandstone overlying No. 2, and 
outcropping in the bhilTs of a small stream running into Spoon 
river. These quarries are owned by Robert F. Leeman, of Cincin- 
nati, who has erected machinery for manufacturing grindstones, 
whetstones, scytheatones, and also for supplj'ing dimension stone to 
tlie Wabash road and the towns on its route, Tlie rock in the 
quarry shows a perpendicular face of about 20 feet, and fmTUshes 
dimension stone from two to three feet in thickness, and as largo 
as can be conveniently handled. 

The best grindstone grit comes from near the middle of the bed, 
and the stones manufactured here range from two to four feet or 
more in diameter. The rock has a sharp grit, and seems to possess 
an even texture that makes the stones desirable for ordinary use. 
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These quarries employ about 33 men, and being located immediately 
upon the railroad, the product can be readily shipped to any point 
where a market can be found. 

The bottom of the quarry furnishes the best dimension stone, 
especially where it is required to withstand the action of frost and 
water. Its power of resistance is said to equal any sandstone yet 
found in the State. 

At Marietta siding, about a mile further west, another quarry has 
been opened, but little work except stripping has been done. It is 
located on the same sandstone as the Eockville quarries. 

COAL OIL. 

The Litchfield Coal Company made a boring in the bottom of 
their coal shaft in November, 1879, for the purpose of determining 
whether another coal seam thick enough to be profitably mined, 
could be found below the one they were then working, and at the 
depth of (:82 feet below the surface, and 255 below the coal in their 
shaft, they found the first deposit of coal oil of any value that has 
been found in the State. It is a heavy lubricating oil, and was 
associated with salt water and gas, the latter in such quantity that 
it might be utilized for lighting the city. For the following record 
of the beds passed through at Litchfield to reach this oil deposit, I 
am indebted to the Secretary of the Litchfield Coal Company. 

Ft In. 

No. L Surface clay, gravol, etc 75 6 

No. 2. Limestone 14 

No. 3. Black slate and coal 3 6 

No. 4. Fireclay 4 

No. 5. Clay fihale 8 

No. 6. Shelly limestone 5 

No. 7. Shale and gray slate 70 

No. 8. Hard, silicious rook 3 6 

No. 9. Fire-clay : 2 

No. 10. Shelly limestone 8 

No. 11. Brown silicious rock, very hard 6 

No. 12. Soft clay shale 3 6 

No. 13. Gray shale and sandstone 14 

No. 14. Brown sandy shale li> 

No. 15. Sandstone and shale 97 

No. 16. Grayshale 45 

No. 17. Darkshale 33 

No. 18. Black shale 7 

No. 19. Coal-No.5? 2 

No. 20.< Hardfire-clay 16 

No. 21. Hard silicious rock 1 6 

No. 22. Coarse brown sandstone 9 
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Ft. In. 
No. 23. Brownshalo 10 

No. 24. Gray slate 14 

No. 25. Slate and shale 8 

No. 26. Shale and sandstone 23 

No. 27. Sandstone 9 

No. 28. Coal (Litchfield 8eam)-No. 2? 4 

No. 29. Gray slate and sandy shale 50 

No. 30. Coal— Upper division of No. 1 2 6 

No. 31. Clay shale and fire-clay 5 6 

No. 32. Coal— Lower division of No. 1 2 4 

No. 33. Sandstone and shale 90 

No. 34. Brown sandy shale 10 

No. 35. White sandstone.-with strong: flow of brine and oil 13 

Total depth 695 7 

When I visited this locality in October, 1882, there were four wells 
in operation, producing about two barrels of crude oil per day each. 
The product is a heavy lubricating oil, worth considerably more in 
the;^market than the common petroleum. It comes, apparently, from 
about the base of the Coal Measure Conglomerate, or possibly from 
one of ijfie Upper Chester sandstones. 

Nothing definite is known as to the extent of the area over which 
this oil basin extends, as no boring has been made in the county 
deep enough to reach the oil-bearing strata, except in the immediate 
vicinity of Litchfield. The well commenced at Irving some months 
ago may throw some light on this question if carried to the depth 
of 1,000 feet, which I understand to be the requirement of the orig- 
inal contract. 

SALT WELLS. 

After the publication of the report on Perry county, a boring was 
made at St. Johns, for the purpose, mainly, of determining whether 
there was a coal seam of any practical value below the DuQuoin 
coal. At the depth of 970 feet a sandstone saturated with salt water 
was reached, that extended to the depth of 1,050 feet, the brine ris- 
ing to various heights from 150 to 250 feet below the surface. There 
are now six wells in operation here, with a flow of about 16 gallons 
per minute to each well. The present yield of merchantable salt at 
these works is stated at 3,500 barrels per annum, and the product 
is manufactured into the various grades of salt in common use. No 
record of the boring could be obtained, but two thin coals were re- 
ported as occurrring below the DuQuoin seam. 
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NOTES ON LA SALLE COUNTY. 

LaSalle is one of the most interesting counties in the State, not 
only from the variety and economic value of its mineral resources, 
but also from the peculiar geological phenomena that are presented 
within its borders. Situated on the northern confines of the great 
coal field of Illinois, its coal products find a ready market in the 
more northerly portions of this and the adjoining States of Wiscon- 
sin and Minnesota, where no productive coal beds have hitherto been 
found, and its favorable position in regard to the iron and zinc de- 
posits of the northwest makes this county an eligible location for 
the economical reduction of these metallic products. 

Among the economical resources of this county, bituminous coal 
ranks first in importance, and is found underlying nearly all that 
portion of the county lying south of the Illinois river, as well as a 
limited area north of that stream. Four coal seams, of suflBcient 
thickness to be of practical value in the production of coal, outcrop 
within the limits of the county, and are the representatives of coals 
numbered 2, 4, 5 and 7 of the general section of the Coal Measures 
of this State. 

Their aggregate thickness is about sixteen feet, and their range 
from two to seven feet, and they will be described further on in in- 
dicating the localities where they are worked. 

An anticlinal axis crosses this county from northwest to southeast, 
having its center in the valley of the Illinois river, about three 
miles east of the city of LaSalle, where the Lower Magnesian lime- 
stone of Owen, the oldest rock in the State, is elevated above the 
surface to the height of about 80 feet. The Lower Carboniferous, 
Devonian and Upper Silurian formations are all absent in this por- 
tion of the State, so that the Coal Measures in LaSalle county 
overlie, unconformably, both the Trenton limestone and St. Peters 
sandstone of the Lower Silurian series. 

The exposure of the Lower Magnesian limestone is restricted to 
a limited area in the valley of the Illinois, its outcrop only extend- 
ing eastward from Split-rock [about two miles. It affords the best 
hydraulic limestone in the State, and the manufacture of hydraulic 
cement has been an important industry at Utica for many years. 

The St. Peters sandstone, which immediately overlays the Lower 
Magnesian limestone, forms the main portion of the river bluffs from 
near Utica to a point two or three miles east of Ottawa, and on Fox 
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river from its mouth to the vicinity of Indian Creek, a distance of 
about ten miles. This sandstone will furnish an inexhaustible sup- 
ply of the best glass sand to be found in the Mississiypi Valley, and 
in its economical importance it is second only to the Coal Measures 
in the value of its products. It is found at only two points in the 
State outside of LaSalle county, viz : at Grand de Tour, in Lee, and 
at Cap au Gres in Calhoun, counties. Its maximum thickness is 
probably about 225 feet in the southern part of this county, but it 
thins out to the northward, so that in the northern portion it does 
not much exceed 150 feet. Its extensive outcrops in the bluffs of 
the Illinois river make its economical products easily accessible to 
both railroad and water transportation, and the abundance of coal 
to be obtained in close proximity to this sandstone indicates that 
this is one of the most favorable points in the State, or in the United 
States, for the manufacture of all kinds of glassware, and several 
extensive factories of this kind have already been established in this 
county. 

The Trenton limestone, which is the next formation above the 
St. Peter's sandstone, has been so much eroded where it appears in 
natural outcrops in this county, that no accurate estimate of its 
original thickness could be made from an examination of its sur- 
face exposures, but in boring at Streator for artesian water, its thick- 
ness was found to be a little over 203 feet, which is not more than 
half its average thickness in other portions of the State, where it 
has not been subjected to erosion. The outcrops only show the 
presence of from 25 to 75 feet of the lower part of the formation, 
the remainder, with the overlying Upper Silurian strata which were 
probably deposited over this portion of the State, have been removed 
by the long-continaed eroding agencies which immediately preceded 
the Upper Carboniferous era. 

The Trenton limestone affords some good building stone, and some 
of the layers take a good polish, and make a handsome marble. 
Usually it has too large a per ceut. of alumina and magnesia to 
make a good material for the lime-kiln. 

Clays suitable for brick, pottery and drain tile are abundant, and 
some of the fire-clays of the lower Coal Measures seem to be adapted 
to the manufacture of fire-brick. 

Coal is by far the most important and valuable mineral product 
of LaSalle county, and its favorable position on the extreme north- 
em border of the productive coal field enhances the value of this 
product, both for consumption in manufacturing establishments at 
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home, and for export to the north, where no coal is to be found 
either in this or adjacent States. 

The local examinations made during the past year were mainly 
confined to the southern half of the county, and were especially di- 
rected to the determination of the number, thickness and relative 
value of the coal seams to be found within its borders. 

The axis of disturbance which has already been mentioned as 
crossing the county from northwest to southeast, follows the course 
of the Vermilion river from its mouth to the Livingston county line, 
and probably beyond, and has produced a marked irregularity in the 
distribution of the productive coal seams, and rendered their deter- 
mination somewhat more diflScult than would be the case if the beds 
had remained in their normal position. 

North of the Illinois river, and east of this axis, no productive 
mines have been opened, except on the outcrop of the lower seam, 
where it has been worked to a limited extent for a local supply, nor 
is it probable that any extensive coal mines will ever be opened in 
that part of the county, although there is a considerable area there 
that is underlaid by thin outliers of the lower Coal Measures. 

South of the Illinois, and east of the Vermilion, there is quite an 
extensive area underlaid in part by three productive coal seams, 
though, so far as I was able to determine, not more than two of 
these could be found at the same locality. At Lowell the Vermilion 
river flows over massive beds of Trenton limestone, and this forms 
the lower portion of the river blufifs, extending on the west side to 
the height of twenty feet or more above the river. The limestone 
is here directly overlaid by the Coal Measures fifty feet or more in 
thickness, showing the following section: 

Feet 

No. 1. Sandstone partially exposed 8lo 10 

No. 2. Shale, with bands of Septaria 10 to 12 

No.3. Black sheety shale 2 to 3 

No. 4. Clay shale 6 to 8 

No.6. CoalNo.4 3 

No. 6. Green and purple shales 8tol0 

No. 7. Trenton Limestone 15 to 20 

The sandstone at the top of the foregoing section was only ex- 
posed in the top of the bluflF about half a mile below the bridge at 
Lowell, and is probably the same sandstone which underlies the 
Streator coal at points further up the river. A band of limestone 
occurs somewhere in the bluff at this point, composed mainly of 
crinoidal stems about half an inch in diameter, a specimen of which 
was found here by the Hon. Elmer Baldwin. I did not find it in 
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place, but it probably belongs somewhere in No. 2 of the foregoing 
section. It was only some three or four inches in thickness. No. 3 
of the section I am inclined to regard as the representative of coal 
No. 5, and a thin coal occurs with it at some other points on the 
northeastern borders of the coal field. This would make the coal 
below it the representative of coal No. 4 of the general* section, and 
further evidence in favor of this conclusion will be given further on. 
The quality of the coal obtained in the vicinity of Lowell is inferior 
to that obtained from the Streator seam, and also much inferior to 
that afforded by the lower seam in the shafts at Peru and LaSalle, 
which of itself is an indication that the Lowell coal is not identical 
with that. 

On Sec. 24, T. 32, R. 2, the section observed was similar to that 
at Lowell, with the exception of the Trenton limestone, which is 
here at least 80 or 40 feet below the river level, the intervening 
space being occupied T)y the lower beds of the Coal Measures, which 
apparently thin out in a northerly direction before reaching that 
point. The section here is as follows: • 

Feet. 

No.l. Sandstone 10 to 12 

No. 2. Shale 6 to 12 

No.3. Blackslato 2 

No. 4. Bl^ale and arfiriHaceous limestone 4 

No. 5. Black slate, with rock bands 6 

No. 6. Clay shales 15 to 20 

No.7. Coverodspace 4 to 6 

No.8. Coalin river bed Ihto 2 

Forty-seven feet below the base of the foregoing section another 
seam of coal, 30 inches thick, was found by boring at this point, 
which I have no doubt is coal No. 2 of the general section, and the 
lowest seam in the shafts at LaSalle and Peru. 

At Patterson's shaft, on Sec. 31, T. 32, R. 3, this lower seam is 
worked, and it affords a clean, hard, bright coal, about 3 feet thick, 
overlaid by a dove-colored clay shale, quite unlike any beds out- 
cropping on the Vermilion, either above or below this point. Coal 
No. 4 appears to have thinned out toward the south before reaching 
this point, while No. 2 and the accompanying strata thin out in the 
opposite direction, so that there is no representative of the coal or 
the shale above it in the vicinity of Lowell. 

At Kirkpatrick's ford, on the Vermilion, we met with the first out- 
crop of the Streator coal, in ascending that stream. The section at 
this point is as follows: 
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Feet. 

No. 1. Bituminous shale 10 

No.2. Goal (Streator beam) 8to 9 

No.3. Shale and flre-olay 10 

No. 4. Black shale 4 

No. 6. Sandstone and sandy shale 15 to 20 

The coal in Patterson's shaft is about 80 or 90 feet below the 
Streator seam, and the space between the sandstone at the base of 
the foregoing section and coal No. 2 is mainly occupied by argilla- 
ceous and bituminous shales, with one or more bands of hard, im- 
pure limestone. No record of the Patterson shaft was kept, and no 
exposure was found where a detailed section from coal No. 2 to the 
sandstone under the Streator coal could be made. 

As coals No. 2 and 4 are nowhere exposed at the same point on 
the Vermilion, a superficial examination might lead to the conclu- 
sion that they were not distinct seams, but the difference in the 
quality of the coal they afford, and in the character of the roof 
shales, and moreover the presence of both seams on Sec. 24, T. 32, 
B. 2, where a boring was made to demonstrate the presence of the 
lower seam, leaves no room to doubt the separate position which 
they occupy. Hence we are justified in the conclusion that there 
are three coals outcropping on the Vermilion, all of which are 
worked at the present time; No. 2 in the shaft at Patterson's, No. 
4 in the vicinity of Lowell, and No. 7 at Kirkpatrick's ford, and in 
the vicinity of Streator. 

Some diversity of opinion has existed with those who have given 
special attention to the geology of this county, in regard to the 
position which the Streator coal occupies in the general section of 
the coal strata of this State, but from a careful examination of all 
the outcrops of the seam from Eirkpatrick's ford, to the last point 
where it appears above the river level above Streator, I am fully 
satisfied that it is the exact equivalent of coal No. 7 of the general 
section. The coal which it affords is perhaps rather better in qual- 
ity than that hitherto obtained from the upper seam in the shafts 
about Peru and LaSalle, but it has been generally neglected in all 
the shafts where Nos. 2 and 5 are found, and therefore its 
average quality at those points has not been fairly determined. 
It ranges in thickness from 5 to 8 feet, with an average of about 
6 feet, and it probably affords as much coal at the present time as 
No. 5, which is the nexl in average thickness, and the one most 
extensively mined in the central part of the county. 
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In the vicinity of Brock's ford, two miles south of Streator, a 
limestone occurs near the top of the bluff, that closely resembles 
tbe limestone south of Petersburg, in Menard county, which there 
lies some '25 to 30 feet above coal No. 7, and it contains a similar 
group of fossils. In addition to this, the shales below the Streator 
coal contain ironstone concretions, completely tilled with the little 
crustacean figured, and described in a preceding volume under the 
name of Leaia trkarinata, which is regarded as a characteristic fossil 
of the shales under coal No. 7, from whence it has been obtained 
at several localities in the State. The following section shows the 
strata to be seen in the bluflfs of the Vermilion, between Brock's 
ford and Streator. 

Feet In'. 

No. 1. Light (Tray compact limestone 4 

No. 2. Blue Bandr shales and solt saailstone. with concretions of sandy Iron ore 3S 



No. J. Coal No. 7 &tO 7 

No. G. Shale with discoldal concretions □[ Iron ore 6 to 8 

No.B. Fire-clay ato 2 8 

No. 7. Hard con- retlo nary Band H tone 13 to 16 

No. 8. Shaly sandBtone, citendingbolovf the river level, exposed 20 to 25 

The limestone at the top of the section contuius several species 
of small Bracldopods, the most common being Athyrts tubtUila, 
Spirifer lineatug, Terelrratula lovidfna, and a small Naticopsis, or 
Trachydomia, which were mostly in the form of casts, tbe pustulose 
shell being removed. 

The bard sandstone. No. 7 of the section, will make a durable 
stone for rough walls where strength is the main requisite. 

Between Streator and the mouth of Prairie creek, the sandstone 
under the Streator coal rises so as to form with the sandy shales 
below, a perpendicular cliff about forty feet in height. Over this 
sandstone ridge the coal has been carried away by the denuding 
agencies of the Drift period, but a short distance away from the 
river it comes in again immediately below the drift. Near the 
mouth of the creek the sandstone becomes thinner, and the coal 
appears above it and slopes rapidly down to the river level. 

Several borings have been made in the vicinity of Streator, to the 
horizon of coal No. 2, but I was unable to obtain any reliable 
record of the strata passed through. I was informed, however, that 
the distance between the two seams was about 80 feet. The quality 
of the coal afforded by No. 2 is generally superior to that of any 
of the higher seams, but it seldom exceeds a thickness of 3 or 4 
feet, and lying deeper below the surface, and consequently requir- 
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ing a larger investment of capital to reach it, it has generally been 
neglected where the upper seams were developed. In McDonough 
county, where its average thickness scarcely exceeds two feet, it 
has furnished the main supply of coal for the city of Quincy, in- 
cluding the river trade at that point for the past twenty-five years, 
and will no doubt continue to do so for at least another decade. 

The aggregate thickness of the Coal Measures on the east side of 
the axis, heretofore mentioned, probably does not much exceed 200 
feet, and the distance between coals No. 2 and 7 is about 80 feet, 
while on the west side the distance between these coals is about 
200 feet, and the entire thickness of the Coal Measures may be es- 
timated at over 600 feet. This variation in the thickness of this 
formation is probably in part due to the rapid thinning out of the 
beds towards the eastern border of the coal field, and in part to 
erosion which has carried away on the eastern side nearly all the 
strata above the horizon of No. 7 coal. 

The details of the following section of the Union Coal company's 
shaft, at LaSalle, was furnished by Mr. Chas. J. Devlin, the acting 
Secretary of the company. This shaft is located in the south part 
of the city, and commences below the main limestones that outcrop 
along the river bluffs from LaSalle to Peru. 

Ft In. 

No. 1. Clayshale 11 

No. 2. Brownshale .- 11 

No. 8. Coal 1 

No. 4. Brownshale 20 

No. 6. Hard limestone 3 

No. 6. Shale 10 

No. 7. Rock 1 

No. 8. Shale 12 

No. 9. Fire-clay 6 

No. 10. Rock 3 

No. 11. Fire-clay 12 

No. 12. Pebbly clay 4 6 

No. 13. Clayshale 10 6 

No. 14. Blackslate 10 

No. 15. Clay shale oxflre-olay 16 

No. 16. Coal, No.7{?) 4 

No. 17. Fire-clay and clay shale 24 

No. 18. Sandstone 2 

No. 19. Black shale 13 

No. 20. Coal. No. 5 6 

No. 21. Clayshale 00 

No. 22. Limestone 6 

"^o. 23. Shale, with some limestone 71 

No. 24. Dove colored shale 12 

No. 26. Coal. No. 2 4 

Total depth 330 
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I refer No. 16 in this shaft to the horizon of coal No. 7, mainly 
from its stratigraphical position, but it is not impossible that it 
may represent No. 6 instead. No fossels were found in connection 
with it, at the only outcrop of the seam I was enabled to examine, 
and hence its stratigraphical position is the only evidence that was 
available for its identification. The outcrop of this coal was found 
in a deep ravine, just below the uplift at Split Bock, where an 
opening had been made to procure the potter's clay, which forms a 
heavy bed immediately below the coal. 

Two miles and a half north of La Salle, one of the deepest shafts 
in the county has been sunk by the Caledonia Coal Company, and 
the following details of it were kindly furnished by the pit boss, Mr. 
John P. Duncan: 

Ft. Lj. 

No. 1. Drift clay and gravel 13 

No. 2. Green and purple shales, with thin bauds of impure limestone and a 

thinooal seam 60 

No. 3. Limestone, in two beds 27 

No. 4. Blue, green and firray shales 215 

No. 5. Black slate 8 

No. 6. CoalNo.7(?) 4 

No. 7. Fire and potter's clay 16 

No. 8. Clayshale 14 

No. 9. CoalNo.5 •. 3 6 

No. 10. Fire-clay 6 

No. 11. Sandstone 6 

No. 12. Clayshale 64 

No. 13. Brown shale 90 

No. 14. Blackslate 2 

No. 15. Sandstone 14 

No. 16. Blackslate 2 

No. 17. Clayshale 14 

No. 18. CoalNo.2 3 10 

Total depth 550 4 

The lower seam is the one worked at the present time, in this 
shaft, and it is said to be underlaid here by a bed of excellent fire 
clay, from 12 to 14 feet in thickness. The coal which it aflfords is 
superior in quality to that from either of the upper seams. 

The beds above the main limestones. No. 3 of the Caledonia 
shaft, were found well exposed, in the big cut on the Illinois Cen- 
tral railroad north of the zinc works, and the following is a detailed 
section of them as they appeared there : 

Feet. 

No. 1. Green and ash-gray clay shales 4 

No. 2. Nodular calcareous shale 3 

No. 3. Greenish clayshale 12 to lA 

No. 4. Impure chocolate- colored limestone 2 

No. 6. Red and green shales 10 

No. 6. Green, shaly clay 8 
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Feet. 

No. 7. Nodular shale, or shaly limestone 6 

No. 8. Upper main limestone 12 

No. 9. Green shale 2 

No, 10. Lower limestone 10tol2 

These are the highest Goal Measure strata outcropping in the 
county, and they have been referred by some observers to the 
Permian age, but I was unable to find any satisfactory evidence of 
unconformability between them and the limestone No. S, on which 
they rest, and the fossils, so far as they have been determined, are 
of well-known Coal Measure forms. 

The most common fossils in the calcareous shales and impure 
limestones of this horizon were the following species : Orthis Pecosii, 
Chonetes Flemingi, Productus La Sallensis, Hemipronites crassa, Athy- 
ris stibtilita, all of which are characteristic Coal Measure forms. 
On the south side of the Illinois, these beds make their appearance 
in the cut of the Illinois Central railroad from the river bluflf to a 
point half a mile or more beyond Oglesby, where the railroad grade 
finally ascends entirely above them and onto the overlying drift 
deposits. 

The beds immediately below the main limestones are well ex- 
posed in the bluffs between La Salle and Peru, and there is a de- 
cided increase in the thickness of the shales as we recede from the 
axis of disturbance, already mentioned on a preceding page. On the 
Little Vermilion where it intersects the bluffs of the Illinois, the 
main limestones are separated by only about two feet of greenish- 
colored shales, but in descending the river bluffs toward Peru, the 
shale increases to a thickness of 8 or 10 feet. The following sec- 
tion was made along the river bluff in the vicinity of Peru : 

Ft. In. 

No. 1. Upper limestone 10 to 12 

No. 2. Green and purple shales 6to 8 

No. 3. Lower division of main limestone 6to 8 

No. 4. Bituminous shale 1 6 

No. 6. Gray, brown and green shales 8 

No. 6. Impure coal 6 

No. 7. Gray and green shales 12tol5 

No. 8. Nodular limestone 4to 5 

No. 9. Green nodular shale 12tol5 

No. 10. Hard gray limestone 2 to 'A 

No. 11. Green shale (exposed) 2 

No. 12. Unexposed to river level 15 to 20 

No. 1 of this section is the main quarry rock used as a building 
stone in LaSalle and Peru. It is a compact gray limestone, con- 
siderably stained with the oxide of iron, and resembles the limestone 
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on Sugar Creek, in Sangamon county, used in the construction of 
the Old State House at Springfield. 

The most characteristic fossils of this limestone are Productus 
Nebrascensis, P. Prattcnianu^, P. pmictatus, Splrifer cameratus, Athyris 
suhtilita, Pinna per-acuta, crinoidal joints, and, rarely, the body of a 
Eupachycrinus or Poteriocrinits. A few fish teeth and spines have 
also been obtained from this limestone. 

The lower division of the limestone No. 3 of the foregoing section, 
which may be regarded as a distinct bed, is quite argillaceous and 
of but little value as a building stone. It is unevenly bedded, and 
the layers are separated by shaly partings, that are, at some points, 
completely filled with fossil shells. The fossils of this limestone are 
Athyris subiilita, Terehratulu hovidens, Spirifer camcratus, S, lineatus, 
Productus longispinuSy Spiriferina KentuckensiSj Platyostania Peoriense, 
numerous corals not yet determined, and casts of Pleurotomaria, 
Bellerophon and Nautilus of several species. 

I have been inclined to regard this limestone as the equivalent of 
that at Carlinville, which it resembles, both in its lithological char- 
acters and in the specific character of its embedded fossils. If so, 
it represents the horizon of No. 9 coal, and is the dividing line be- 
tween the upper and lower Coal Measures. It is rather more argil- 
laceous here than in Macoupin county, but otherwise it bears a close 
resemblance to that rock, and its position is about where that lime- 
stone, if present here, should be found. 

On the south side of the Illinois river there are two or three coal 
shafts in operation, only one of which had any record of the beds 
passed through. The Oglesby shaft furnished me the following 
section : 

Ft. In. 
No, 1. Drift clay and gravel 30 

No. 2. Limestone, in two beds 25 

No. 3, Shale 7 6 

No. 4. Coal 2 

No. 6. Shale 7 6 

No. 6. Hardrodrock 4 6 

No. 7. Shale 8 7 

No. 8. Sanpstone 4 11 

No. 9. Redshale 13 11 

No. 10. Grayshale 9 2 

No. 11. Limestone 3 6 

No. 12. Shale 19 (i 

No. 13. Hardrock 2 6 

No. 14. Shale 39 

No. 15. Sandstone 14 6 

No. 16. Shale 50 

No. 17. Blackslate 18 7 

No. 18. Coal-No. 7? 3 6 
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Ft. In. 
No. 19. Fire-clay and shalo 60 

No. 20. Coal-No. 5 6 

No. 21. Fire-clay 3 9 

No. 22. Sandstone 5 4 

No. 23. Darkredehale 2 6 

No. 24. Sandstone and sandy shale 42 11 

No. 25. Shale 71 

No. 26. Gray clay shale 18 6 

No. 27. OoalNo.2 3 6 

Total depth 464 10 

Both the lower seams are worked in this shaft, and they furnish 
all the coal mined in the vicinity of LaSalle or Peru at the present 
time, but it is quite probable that when a careful examination of the 
upper seam is made, it will be found to afford, at some points, a 
fair quality of coal. It is unquestionably the representative of either 
No. 6 or 7 of the general section, and both of them are extensively 
mined in other portions of the State. 

Whether the Streator coal, and the upper seam in the shafts at 
LaSalle and vicinity, are identical, is a point I have been unable to 
decide with certainty, as no fossils were found associated with the 
latter at the only localiiy where its outcrop could be seen, and the 
associated strata aiford no satisfactory evidence on this point. 

The character of the deep-lying formations beneath the southern 
part of LaSalle county was fully determined by the artesian boring 
at Streator, and I am indebted to Dr. E. Evans for the following 
record of this well : 

Ft. 
No. 1. Drift-clay, sand and firravel 30 

No. 2. Coal Measures 211 

No. 3. Trenton limestone 203 

No. 4. St. Peters sandstone 225 

No, 5. White lim38tone 90 

No. 6. White sandstone 133 

No. 7. White limestone 211 

No. 8. White sandstone 37 

No. 9. Dark Array limestone 60 

No. 10. Fine reddish sandstones 15 

No. 11. Dark gray limestone 13 

No. 12. White and brown sand 1 

No. 13. Gray limestone 18 

No. 14. White and brown sandstone 168 

No. 15. Blue shale 100 

No. 16. Dark limestone 73 

No. 17. Variegated Fandstone 187 

No. 18. Soft limestone 60 

No. 19. Variegated scales 158 

No. 20. Dark red sandstone 80 

No. 21. Blue shale 50 

No. 22. Bluish, drab and buflf limestone 383 

Total depth 2.496 
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Nob. 5, 6, 7 and 8 Bbould probably be included in the Calciferous 
group, while all below that may be referred to the Potsdam period, 
and this boring indicateB a very rapid increase in thickness of both 
these formations in their southward extensioD, over what they attain 
in Wisconsin and Mmnesota, where they form the surface rocks 
over extensive areas. 

Peddicord's well, near Marseilles, was carried to the depth of 2,189 
feet, but the flow of water was only one and a half barrels per hour. 
The following is a copy of the published record of this well : 

Ft. 

No. I. Driftclay. draval, etc 269 

No. 2. ClftFHhale 6S 

No. a. LlmBBtone SS 

No. 4. St-Petera wandfltono 29» 

No. 5. Cnlcltoroua .7 617 

No. 0. While sundston* S62 

No. 7. Limestone SU 

No. R. Shalo IIS 

No. 9. HlBtd 112 

No. 10. Bbalii 9 

No. n, Llmewtone 29 

No. la. Kandstone 29it 

No.l:l. LiDiBBtone « 

Total deplh a,I»9 

The principal flow of water was from No. 1'2, and it rose within 
16 feet of the surface until the well was tubed, when it overflowed 
the surface, yielding about 36 barrels per day. The quality of the 
water is not given. No. 5 is described in the published section as 
Calciferous, but it probably includes nearly or quite 200 feet that 
properly belongs to the Potsdam period- The similarity in the lith- 
ologicai character of the beds composing these two groups is such 
that it ia impossible to determine, from the material brought np from 
an ordinary boring, where the stratum belongs, and the thickness of 
the Calciferous must he determined by its general average at other 
localities. 

The St. Peters sandstone, and the white sandstone of the Cal- 
ciferous group, were both found to be water-bearing in the Streator 
well, the water from the St. Peters coming within -10 feet of the sur- 
face, and that from the Calciferous within about 34 feet, and the 
water was reported to be sweet and ajiparently free from deleterious 
mineral substances. The water from the Potsdam was brackish and 
unfit for common use, but rose in a tube to the height of 45 feet 
above the surface. 

The location of this well Is 40 feet above Lake Michigan and 618 
feet above sea level. 
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The surface deposits of LaSalle county will furnish an inexhaust- 
ible supply of sand, clay and gravel. The sand pit in the vicinity 
of Streator furnishes a clean, sharp sand, that is shipped in large 
quantities by raihoad wherever a market can be found. The fol- 
lowing section may be seen at this pit: 

Ft. 

Brown clay 4 

Ash-oolored clay 4 

Band, with streaks of fine nrravel 20 

Coarse gravel 7 

The clay used in making tile at Streator comes from the bottom 
of what were formerly shallow surface ponds, that have been filled 
up mainly by the wash from the higher grounds by which they were 
surrounded. It is a tough, fine, unctious clay, and at some points 
is found as much as ten or twelve feet in thickness. It is evidently 
more modem than the brown clay of the Drift period, and overlays 
that deposit when both are present. The growth and decay of 
aquatic grasses, that usually abound in shallow ponds, produce a 
fine silicious sediment, and this, with the wash from the higher 
grounds adjacent to them, will fairly account for the occurrence of 
these tough clays in this position. In other portions of the county 
the brown clay of the Drift, or, more properly speaking, of the 
loess, is used in the tile factories with satisfactory results. 

In closing these brief notes on the geology of LaSalle county, I 
desire to express my obligations to Dr. E. Evans, of Streator, for 
valuable information in regard to the geology of that part of the 
county, and for hospitable entertainment, and transportation to such 
localities on the Vermilion river as it seemed desirable to visit ; and 
also to the Hon. Elmer Brldwin for similar favors while exploring 
the outcrop on the river in the vicinity of Farm Ridge ; and also to 
Mr. John B. Duncan, of the Caledonia shaft, Mr. Chas. J. Devlin, 
of the Union, and the proprietors of the Oglesby shaft, for a de- 
tailed record of their works. 

It is to be regretted that a detailed record of every coal shaft is 
not kept, for such records would be of great value, not only to the 
proprietors and managers of the mines, but to all who desire to 
obtain reliable information in regard to the value and extent of our 
coal resources. 
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INTRODUCTORY. 



The present work is largely though not exclusively concerned with 
the consideration of those distinctively carboniferous families of 
ancient Selachians, the Cochliodontida) and the Fsammodontidae. 
Although in the majority of instances the classification now adopted 
has necessitated the amending, amplifying, and curtailment of the attri- 
butes ascribed to genera, it has not been deemed necessary to give a 
detailed diagnosis of all the genera thus revised. In the latter in- 
stances the descriptions of species will afford the necessary informa-* 
tion relating to the peculiarities of the genera to which they belong, 
and a glance at the illustrations will often convey a vivid impression 
of those distinctions. 

It has been impossible to avoid repetition of details in the notices 
of the species, especially in the desire to render for each species a 
comprehensive diagnosis by itself ; otherwise the descriptions would 
mainly consiert of comparisons of their distinctive features as con- 
trasted with one another, and we have deemed it the safer plan to 
err on the score of details rather than brevity, stating the facts 
concisely as possible, but omitting none of evident consequence as 
aids to a fair conprehension of their special characteristics and their 
resemblances and distinctions compared with allied species. In no 
similar investigation have so many and varied materials relating to 
these interesting groups of Selachians been brought forward for 
critical consideration at the same time. That the subject was some- 
what involved may be readily understood by all students; but to 
none so much as to the specialist can the actual state of things in 
this relation be at all adequately appreciated. This has largely re- 
sulted from incomplete data, and to some extent also to the lack of 
familiarity with the association of forms in the same deposits. For 
it must be confessed that in the very few exceptions these remains 
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have been coQBii]ered individuftlly, either the variooB fonm have 
beeQ interpreted as distinct species, or in Kome instances tfaey have 
been regarded h.b the reprenentativea of distinct genera. This has 
given rise to the establishment of generic groups which already wo 
see the necessity of abandoning;, while the specific forms are largely 
curtailed by their association into well-defined categories embracing 
two, three, and even four distinct forms, all pertaining to a single 
species. There can no longer remain a doubt as to the specific 
identity of the four forms which Messrs. Newberry and Worthen 
described under the head of Cwhlioihts noh'dU {Cock, latun) of Dr. 
Leidy ; and yet we are here furnished three groups formerly regarded 
as possessing generic importftnce, viz : Cachliodtig, Strebltxliu, and . 
IleludttK, in part. The announcement of Professor Bichard Owen of 
the discovery of a third mandibular form of Cochliinbte (the pre- 
cise nature of which, however, we are not familiar with) very likely 
will add a fifth form to thote already noted under so-called generic 
heads as really belonging to the genus Cochliodiis. Very nearly the 
same state of thingH obtains in relation to the genera DvUodu*, 
Sandalixlus, I'lec'dodus, etc. Indeed the various forms of all these 
Oichlhxliint genera have very generally received specific designations, 
while some of them have been identified with genera widely differing 
from one another, as is the case with the forms herein noticed under 
the generic tyrm OrlJiopleurmbis. 

While tlie facts elicited by the stratigraphical knowledge accom- 
panying the greater part of the materials submitted to us have 
rendered possible, indeed necessitated the revision of the genera of 
the Oochliodonts, it has also developed interesting and important 
fiK^ts bearing on the derivation and relations of these genera. That 
these may be made comprehensible in briefest statement, the sub- 
joined tabular review of the geological formations immediately con- 
cerned, may not be inadmissible in this place. 

Table of Carboniferous formations, as developed in the region of 
the Upper Mississippi : 

iCIiRHlPr llnioiitono. 
St. Louis llmoHtiuifl. 
Wursiin' MmeKtiino. 
Keiikiii llm(>iitiino. 
UppLT DurlinKt'in limoKtone. 
Lower llurllDKtuii linieetoDe. 
Kindt! rhuuk baiia. 
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In the majority of cases the remains of fishes are found in definite, 
readily identifiable horizons, indeed chiefly ini a limited stratum, 
where they are crowded together forming veritable bone-beds, though 
by no means thus restricted, as their remains are found more or 
less scattered in many formations. Tet the latter occurrences are, 
as might be expected, comparatively rare. 

The earliest genus, PaeplwduSy whose relations with the more 
typical representatives of the family may be a matter of reasonable 
doubt, had its beginning in the oldest or Einderhook formation, 
only ceasing in the latest or Chester epoch of the Lower Carbonifer- 
ous period. Near the close of the Kinderhook epoch Vaticinodiis 
was introduced, authentic representatives of which continued to exist 
during the Upper Burlington epoch. Tieniodus, whose relations 
seem to be nearest Pseplwdris of all the true Cochliodonts, is first 
met with in the Keokuk formation, continuing thence into the 
Chester, where it is last seen. During the Upper Burlington epoch 
Deltoptychius was introduced, which appears to be a modification of 
VaiieinoduH, as is also Stenopterodtis, which originated at the same 
time, and whose remains occur in each succeeding formation as late 
as the St. Louis, while Deltoptychius continued to exist during the 
deposition of the Chester limestone. In point of time, also, Sandu- 
hdus began contemporaneously with the latter genera, with which its 
affinities appear to be most intimate, although it presents a more 
marked modification of generic characteristics than those distin- 
guishing the three last named genera, one from the other. In 
OrtJiopleurodus these modifications are carried to an extreme, as 
especially notable in the maxiUary terminal form, though its man- 
dibular terminal teeth are very similar to the homologous form of 
Dcltoptychim, while the median form of the same jaw is intimately 
allied to that of Sandalodus. Pertaining to the same category are 
the forms of Xystrodm, and, perhaps, Tomodm, which apparently 
was the contemporary of the above mentioned genera, its remains 
being first encountered in the Upper Burlington, and only ceasing 
in the lower Coal Measures. It presents the simplest form of the 
group to which it especially pertains, and throughout its extensive 
vertical range or distribution in time, it maintains its distinctive 
peculiarities with remarkable persistency. 
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Considering the more typical representatives of the family, the 
earliest to appear is Chitonodus, which began during the Lower Bur- 
lington epoch and is last met with in the St. Louis. It is clearly 
the forerunner of Pa'cilodus and Cochliodus, which appeared at later 
epochs, and which are modifications based upon the same plan, 
and which might readily be supposed to possess features that 
entitle them to at least sub-family rank in contradistinction to the 
before-mentioned genera. While Cochliodus was apparently of com- 
paratively brief duration, since its remains have thus far only been 
met with in the St. Louis and Chester formations, PoncUodus, the 
earlier of the two to make its appearance, dates from the Warsaw, 
the last representative being derived from the upper Coal Measures. 
Throughout this vast geological range its species manifest the least 
tendency toward differentiation, on the contrary maintaining the 
distinctive characteristics of the genus with extraordinary fidelity to 
the type. The same may be said of Deltodiis, whose inception is 
contemporary with Chilonodus, with which its relations are, perhaps, 
the most intimate. This is especially pronounced in the case of the 
homologous terminal forms of the mandible of either genus, Delto- 
dm maintaining a simple convex anterior lobe in lieu of the 
median coronal prominence of Chitonodm, which is a mere modifi- 
cation of the former, and which reached its extreme differentiation 
in Cocldiodns; but in the supposed terminal form of the upper jaw 
we are again presented with a marked departure from the Coch- 
liodm type, the significance of which is sought in the previously 
mentioned genus SamJalodus, while a less intimate relationship with 
Deltopiychim and Orthopleurodus is noted, but sufficient to- arrest 
attention with suggestions of their common origin. Deltodopsis 
evidently was a later modification of Delt^dus, and, although it is a 
well defined group, it is not clear whether it should be deemed of 
greater rank than subgeneric. 

The foregoing observations are rather what the comparatively 
meagre facts seem to suggest, than actual demonstrations of a com- 
plete system of derivation and generic relations. It is therefore with 
no small degree of trepidation we venture to exhibit these supposed 
relationships in diagramatic form ; but it will at least subserve the 
purposes of illustrating in a vivid manner the stratigraphical range 
of the various generic groups alluded to. 
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DIAGRAM ILLUBTRATINO THE BTRATIOHAPHIOAL DlSTRIBtTTtON AMD THE 
RELATIONS OF TEB OENEEA OF COCHLIODONTB. 




BeaideB the above meDtioned Cochliodonts and Fsammodonts, a 
coQBiderable number of heretofore undeBcribed forms, pertainiDg 
chiefly to Ichtbyodomlites, or defensive spines, are noticed, being 
acquisitions acquired since tbe publication of the preceding volume 
of the Illinois Geological Survey. As in connection with the latter 
work the authors owe acknowledgment to the same gentlemen, who 
have not only contributed material, but have freely shared the 
resultB of their familiarity with tbe objects themselves, and the in- 
valuable information relating to their stratigraphical aseociation and 
distribatioii, so that we feel a double interest with them as con- 
tributors to a knowledge of these early vertebrates. 
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Besides the magnificent collections of Mr. Frank Springer and Mr. 
W. C. Van Home, in the use of which we have enjoyed unrestricted 
liberties, we are indebted for valuable aids, which are duly acknow- 
ledged at the proper place in the accompansring text. Through 
the courtesy of Dr. Charles A. White, paleeontologist of the U. S. 
Geological Survey, we have had access to the collections of the 
National Museum, which have been brought in by Government ex- 
peditions to the Territories. We are also under great obligations to 
Dr. Joseph Leidy, who kindly procured us the loan of valuable 
types belonging to the Museum of the Academy of Natural Science 
of Philadelphia. It affords us pleasure in rendering acknowledg- 
ments and our thanks to Lord Enniskillen and Dr. L. de Koninck, 
for valuable information in relation to the occurrences of Carbon- 
iferous fishes in Great Britain and Belgium. We are also specially 
indebted to Mr. Charles Wachsmuth, who has favored us with much 
additional material from the Kinderhook and Burlington formations. 
Similar favors have also been extended us by Mr. L. A. Cox, of 
Keokuk, Mr. Alexander Butters, formerly of Carlinville, and Dr. 
George Hambach, of St. Louis. We have also had the use of Mr. 
L. A. Fuller's collection, and Mr. A. S. TiflFany, of Davenport, has 
placed in our hands some very interesting material from various 
Carboniferous and Devonian formations. Professor I. C. White, of 
the Pennsylvania Geological Survey, has kindly furnished us material 
from the Lower Carboniferous fish-horizons, which he has discovered 
in Western Pennsylvania; but these last, we regret, we have been 
compelled to omit in the present work. 

0. St. J. and A. H. W. 
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GenU8 PSEPHODUS, Agassiz. 

Psephodus, Agassiz, MSS., 1859, etc. 

The genus PsepJtodus was recognized by Professor Agassiz in 1859, 
by whom Cochliodus vrngmis, Ag., of the Irish Mountain Hmestone, 
was regarded as the typical species. This determination was 
accepted by British palajichthyologists, and a few years later, 1862, 
it was authoritatively published by Messrs. J. Morris and G. E. Rob- 
erts, in the Quat. Journ. of the Geol. Soc. of London, XVIII, p. 
102. At a subsequent date, 1866, Messrs. Newberry and Worthen, 
ill their investigations of the fossil fishes published in the report of the 
Illinois Geological Survey, Vol. 2, p. 92, described several congeneric 
species from the American Lower Carboniferous formations, however, 
evidently overlooking the prior published conclusions arrived at by 
Professor Agassiz, as they distinctly identify the type species of 
Psepliodus with the American species, to which they applied the gen- 
eric designation Aspidodus. In regard to the generic identity of the 
American species described under the latter designation, as also 
those additional ones herein first made known, with Psephodus viag- 
7itis, Agass., there is not the least doubt. 

In the present work the results of the attempts made to identify 
the probable complete dentition of Psephodus are omitted, only such 
forms receiving brief diagnostic notice, the relations of which may be 
considered as even more than probably determined. These consist 
of two distinct forms of heavy, more or less spirally in-rolled trit- 
urating or crushing plates, investing the median region of the rami 
of the jaws: 
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First, teeth presenting a trapezoidal outline, the crown traversed 
longitudinally by a low, obtuse-crested ridge, culminating posterior 
of the median line, the inner margin somewhat angularly rounded, 
outer extremity always truncate with channeled, crenulate articular 
surface, the lateral borders undulated as though for coadaptation with 
the lateral articular extremities of narrow serial teeth. 

Second, teeth generally more obliquely trapezoidal in outline, in 
which the coronal ridge is relatively inconspicuous, and the inner 
margin gently arched, from which the lateral borders less rapidly 
converge towards the outer extremity, their articular surfaces also 
undulated. Coronal surface minutely punctate. The above forms 
are provisionally referred to opposed positions on the lower and upper 
jaws respectively, chiefly on account of the somewhat stronger re- 
semblance of the first mentioned form with the contour of the man- 
dibular teeth of typical Cochliodonts. With the above remains are 
associated narrow or transversely elongate teeth, whose crenulated 
edges and coronal contour clearly point to their intimate kinship 
with the preceding forms. The latter include the European form 
originally described under the term Helodus planus, Agass., which 
was by Capt. Jones regarded as belonging to Pseplwdus inagnus. 
There are other similar forms more or less numerously represented 
in the collections, which may also prove to have been associated 
with those above noticed. 

In reference to the dentition of Psephodm our information is still 
meagre, although the identity of a variety of seemingly widely di- 
verse forms may be asserted with a degree of confidence. While 
certain conspicuous forms belonging to the genus may be compared 
with the dental elements met with in CochlioduSy there was unques- 
tionably a marked contrast in the character of the combined dental 
armament of the jaws of those genera. Indeed, the resemblances 
between them are but little more intimate than obtains in the in- 
stance of Cestracion and CocJdiodus. W^hile the median portion of 
the rami of the jaws of Psephodus was enveloped by a moderately 
contorted dental plate, constituting its chief point of resemblance 
with Cochliodus, this plate was flanked on either side by series of 
teeth disposed in rows from within outward similar to the occur- 
rence of the teeth upon the jaws of Cestration, Therefore, the solid 
triturating plates of Psephodus are not strictly homologous with the 
large posterior teeth of Cocld'wdus, but they are more properly des- 
ignated as **median'' teeth of the rami of the jaws. 
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Not infrequently individuals of the median forms are met with 
which show one or more partially detached, laterally elongate teeth 
at the outer extremity of the plate, which is always abruptly trun- 
cated, leading to the inference that these median plates themselves 
were, in the earlier stages of development, made up of series of 
teeth. On the other hand, certain forms occur which have been 
noticed under various generic designations (Desmiodus, Orodus), 
which are composed of series of transverse coronal crests, firmly 
soldered into a continuous plate at the impingement of their bases, 
in which condition they bear a remarkable resemblance in outline 
and direction of inroUment, to the above mentioned median forms. 
But beyond deducing certain permissible conclusions bearing on the 
probable affinities of Psephodvs, the meagre array of data is deemed 
insufficient to warrant, at the present time, the critical relegation of 
the diverse dental materials alluded to in this connection. 

In American geological history, Psephodus was amongst the earli- 
est representations of its order in the Lower Carboniferous period, 
its first occurrence dating from the Einderhook epoch. Although 
the succeeding Burlington, Keokuk and Warsaw formations have as 
yet afforded no evidence of the presence of the remains of the genus 
(if we except the occasional appearance of Helodus planus-like forms), 
its forms are sparingly met with in the St. Louis deposits, and in 
the super-adjacent Chester division several forms, probably pertain- 
ing to a single species, are conspicuously prevalent. The various 
species occurring through so great an interval of time, ranging from 
the earliest to the latest epoch of the period, exhibit an extraordinary 
persistency of the type without parallel amongst the Cochliodonts, 
if we except the doubtful relations of the later introduced • species 
provisionally identified with Vaticinodus. From this point of view 
the genus would appear to be prominently isolated so far as relates 
to precursor or subsequent derivatives. Of the former we have not 
even the vaguest intimation, and the latter, even under the most liberal 
interpretations, have undergone excessive differentiation. The pres- 
ence, in the extreme anterior portion of the jaw of Cochliodus, of 
transverse coronal ridges, if not of isolated teeth, in series corres- 
ponding to those abaft and forward of the convolute median plate 
in Psephodus, offer tangible evidence of their probable origin, though 
their relations are less intimate than might be expected in groups 
almost coeval in their inception, 

-5 
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While it is not deemed improbable that the acquisition of more 
complete evidence may lead to the discovery of still more intimate 
relationship bet\\een Psephodus and typical Cochliodonts, the rela- 
tions of the former with Psammodm are so remote as to preclude 
the inference, which has, however, found expression, that Psephodus 
constitutes a sort of transition connecting the Psammodonts with 
the Cochliodonts. 

Psephodus obliquus, St. J. and W. 

PI. I, FiKS. 1, 2. 3. 4, 5. 

Under the above term are included series of teeth represented in 
the collections by a number of individuals, which range themselves 
under two, perhaps three or more well-defined groups, distinguished 
by their outline and general conformation, and which, taken together, 
are not considered separable into so many distinct species; on the 
contrary, there exists strong presumptive evidence of their having 
constituted parts of the dentition of one and the same species. 

Only the two most conspicuous forms are noticed in this place. 

One of these forms is represented by teeth which possess the char- 
acteristics of what may be regarded the typical representative teeth 
of the genus PsephodxiSy comparable with the larger and more tumid 
teeth of P. magnuSf Agass., distinguishable, however, by their more 
symmetrical and smaller size. In general outline convolutely and 
irregularly pentangular, moderately inroUed, outer extremity slightly 
rounded and obliquely truncated from front outward and downward, 
the basal portion showing a broad channel beneath the projecting 
coronal border; anterior border slightly sigmoidally curved, forming 
nearly a right angle with the outer margin, coronal enamel forming 
a narrow crenulated fold above the nearly vertical-channeled base; 
posterior border similarly curved, but of greater extent, agreeing in 
other respects with the opposite side ; inner margin broadly rounded 
or obtusely angular, coronal portion well-defined from the deep, 
somewhat produced and shallow-channeled base (in most specimens 
the basal portion is worn away, the crown projecting beyond its 
original support). Coronal surface moderately arched in both direc- 
tions, traversed a little posterior of the middle by the median ridge, 
which forms a rather prominent angulation partaking of the curva- 
ture of the defining borders, anterior slope broader than the some- 
what more concave and abrupt posterior declivity, which latter is 
produced into an obtuse alation at the extreme posterior angle, be- 
yond which extends the base terminating in an obtuse spur. Sur- 
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face minutely and closely punctate. The proportionate dimensions 
of large examples vary considerably, according to the state of trun- 
cation of the inrolled extremity; in other respects, however, as in 
general outline and coronal contour, the observable variation of in- 
dividual teeth is comparatively unimportant, save what is attribu- 
table to wear while in use. Both the anterior and posterior borders 
are faintly undulated, suggesting their association with series of 
smaller teeth. The latter condition is even more markedly exhibited 
in the teeth (including this particular form.) from the Chester lime- 
stone, Psephodiis crentdatm, N. and W., with which the teeth de- 
scribed under the name Aspidodus convolutus, N. and W., is specific- 
ally identical. The posterior sinuations are fewer, indicating larger 
teeth for the contiguous series than those at the opposite border. 
The relations of crown to base are shown in the illustrations given 
of the teeth in question. These teeth probably occupied a median 
position upon the rami of the mandible. An ordinary-sized tooth 
measures in greatest breadth between the inner angles 40 mm; 
ditto, across outer extremity 25 mm; length along antero-lateral 
border 20 m m ; ditto, postero-lateral border 30 m m ; depth of tooth 
at middle of anterior border 8 m m ; ditto, middle of inner margin 
5 mm; greatest length along coronal ridge 40 mm. The propor- 
tions will, of course, be found to vary in individuals of the same 
age, in accordance with the abbreviation of the outer extremity. 

Teeth strikingly in contrast with the preceding form, occurring in 
the collection with the same frequency, but possessing superficial 
characters which strongly suggest their intimate connection with that 
form; may be regarded as the opposed form of the upper jaw. They 
are distinguishable by their trapezoidal outline and relatively uniform 
low coronal surface, and proportionally less robust build. Outer ex- 
tremity obliquely truncated in the same direction observed in the 
previously mentioned form, or from the anterior angle outward and 
downward, and forming nearly a right angle with the antero-lateral 
border, the narrow coronal fold projecting beyond the furrowed base, 
and somewhat irregular in outline, forming an articular edge with a 
similar preceding tooth of the same series; antero-lateral border 
proportionately shorter than in the first noticed form, slightly 
curved sigmoidally, nearly vertical, with a narrow channel defining 
the crenulated coronal fold from the base, and more or less dis- 
tinctly undulated; postero-lateral border somewhat more strongly 
curved, obtusely rounded at the inner posterior angle, the crenulated 
coronal fold slightly overarching the basal portion, which is also 
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channeled and undulated as in the opposite border; inner margin 
broadly rounded, base excavated as in the previously described form. 
Crown very slightly arched transversely, well-preserved specimens 
showing two obscure longitudinal prominences, one near and rising 
rather abruptly from the posterior border, the other a little anterior 
of the middle ; a third, and perhaps sometimes quite as well marked 
ridge, occurs just back of the anterior border. Coronal surface finely 
and closely punctate. A medium-sized tooth measures across the 
inner margin 29 mm; ditto, outer margin 16 mm; length along 
anterior border 21 mm; ditto, posterior border 32 mm; depth of 
tooth at middle of anterior border 3mm; ditto, inner margin about 
5 mm. 

A very small specimen which is provisionally identified with the 
maxillary form of the present species, shows a proportionately shorter 
tooth of a more rhombic outline, the outer margin, also anterior 
and posterior borders, distinctly xjrenulated, the former strongly so, 
and further distinguished by the gradual convergence of the lateral 
borders, greater and more regular transverse convexity of the coronal 
region, as contrasted with the typical specimens. These features of 
coronal contour are also intimately shared by a more elongate ma- 
ture tooth, but which, though imperfect along the anterior border, 
and considerably worn towards the outer extremity, evidently closely 
agrees in outline with the tjnpical examples. 

Compared with other American Carboniferous forms of PsejyJiodus, 
the present offers characteristics readily distinguishing them specifi- 
cally. From P. crenulatus (N. and W.) of the Chester formation, 
the species differ in the uniformly larger size of the teeth, repre- 
senting the dentition of different parts or opposite jaws. The large 
median teeth, probably belonging to the lower jaw, differ in being 
less massive, possessing fewer and less distinct undulations in either 
border supposed to have relation to contiguous series of smaller 
teeth, and the less strongly marked crenulations of the narrow 
coronal fold. The depressed trapezoidal teeth included in the second 
form described under the above specific caption, and which are sup- 
posed to have belonged to the upper jaw, differ from the corres- 
ponding teeth of the Chester species in essentially the same respects 
above cited, with perhaps less marked obliquity of inner and outer 
margins and less strong spiral iuroUment. Examples of both of 
the above forms of the Chester species show the entire margins and 
borders of the teeth to have been crenulated ; besides they are more 
or less deeply notched in one or other border, showing the manner 
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of coalescing of transversely elongate teeth of the younger with the 
broad long plates of the later stages of growth. The latter feature 
assumes various phases, from a shallow undulation in the border to 
a deep slit extending through the thickness of the crown and base, 
the impinging margins being crenulated a^ in the inner and outer 
margin of entire individuals. None of the Kinderhook examples, 
however, show this latter feature, yet it may be expected to occur 
in them as well as in the Chester species. A medium-sized tooth 
of the Chester species affords the following measurements : Breadth 
across inner margin, 22 mm. ; ditto, outer margins, 18 mm. ; length 
along anterior border, 18 mm. ; ditto, posterior border, 16 mm. ; 
thickness of tooth at middle of anterior border, 8 mm. ; ditto, pos- 
terior border, 4 mm. 

The teeth of the present species differ from European species 
Psephodiis magnuSy Agass., as also from the Chester P. crenulatus 
(N. and W.) in their more symmetrical outline and distinct defini- 
tion of the angles. The Chester species, perhaps, bears more inti- 
mate comparison, but it is not known to have attained nearly the 
size of the European species. The Kinderhook teeth under consid- 
eration are further distinguished by the comparatively distinct an- 
gulation of the coronal ridge of the mandibular form. 



PsEPHODus PLACENTA, (N. and W., sp.) 

PI. II, Fig. 5-8. 
Helodus placenta. Newbebby and Wobthen, 1866. 111. Geol. Sun*., II, p. 80 PI. V, Fij? . 4, 4a. 

Associated with the forms last described under the name Psephodm 
obliquus, the collections contain a few examples of teeth, which so 
far as relates to superficial markings and general appearances, 
might be presumed to have belonged to the fishes that bore those 
teeth. But in all the collections from Chester localities, where the 
forms of P. crenulatus abound, there is not a single representative 
of the form here alluded to. Therefore, in recognition of its dis- 
tinctive features, it is provisionally referred to a distinct species. 

As at present understood, only two forms of teeth have been 
recognized as probably belonging to this species. First, median 
form of the upper jaw (?); Teeth irregularly quadrilateral in out- 
line, moderately inroUed spirally, anterior and posterior borders 
differing little in relative length, converging at a slight angle, the 
narrow enamel fold defined by a slight groove from the basal por- 
tion, which shows coarse verrucose markings; inner margin broadly 
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rounded with a slight sigmoidal curvature extending into the obscure 
posterior alation, the vertical plane of the base equal in depth to 
the height of the enamel fold from which it is well de^ed; outer 
margin bbhquely truncated from the anterior angle downward and 
outward, usually much worn and otherwise mutilated. The anterior 
and posterior borders show more or less distinct and rather wide 
undulations. Coronal surface uniformly and closely punctate, some- 
what strongly arched transversely into a broad rounded prominence 
culminating a little anterior to the median line, posterior slope 
gently concave. Breadth of medium-sized tooth across inner mar- 
gin, 23 mm. ; ditto, outer margin, 18 mm. ; length along antero- 
lateral border, 20 mm.; about equal to the opposite border; depth 
of tooth at middle of anterior border, 2-5 mm. Second, median 
form of the lower (?) jaw: Teeth corresponding with the second 
form, described under P, obliquvs, and having the same general 
outline, but distinguishable by the less rapid convergence of the 
lateral borders and the considerable gibbosity of the coronal region, 
which rises into a low broad prominence, traversing the crown 
nearly centrally, or a little abaft the median line. The large uniqu 
individual of this particular form afforded by the collections, is 
somewhat mutilated, the borders and extremity not being clearly 
shown ; the inner margin is broadly rounded, with a slight sigmoidal 
oblique course, the crown surface punctate as in the other forms. 

Comparisons of the first above mentioned form with the ty^)© 
specimen described by Messrs. Newberry and Worthen, under the 
name Helodus placenta, leaves no doubt as to their specific identity. 
The original specimen figured in the report of the Illinois Geol. 
Survey, II, PI. V, fig. 4, 4a, is that of a small individual, the 
transverse diameter of which considerably exceeds the length from 
within outwards, the inner margin and base being in an extraor- 
dinarily perfect state of preservation, even showing the delicate cren- 
ulations of the rather heavy coronal fold that rises from and projects 
somewhat beyond the mural basal area. The outer portion of the 
tooth, on the other hand, is much worn, though the entire outUne 
is still preserved, its characteristics being well reproduced in one of 
the figures illustrating the species as herein interpreted. 

Compared with Psephodus obliquns, the forms of the present species 
reveal the following salient distinctions: The supposed mandibular 
median teeth are relatively narrower, lateral borders less rapidly 
converging, the more nearly central position of the axis of the 
coronal ridge, and the less angularly rounded inner margin; in the 
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supposed opposed form of the upper jaw, the lateral borders more 
gradually converge the anterior position and greater prominence of 
the coronal ridge, while the inner margin is less obliquely rounded 
than obtains in the corresponding forms of the last described species. 
Geological position and locality: Upper fish-bed of the Kinderhook 
formation ; Burlington, Iowa. 



PsEPHODus? Symmetricus, St. J. and W. 

PI. I. Fig. 6, 7. 

The present species is represented by a single form, with which 
only one or two individuals, of doubtful generic relations, have thus 
far been provisionally identified. The form corresponds to that re- 
ferred to* the median position on the lower jaw. The typical example 
is that of a tooth below medium size, sub-trapezoidal in outline, 
moderately arched from within outwards and somewhat closely in- 
rolled, giving to the outline a relatively great breadth as compared 
to the length of the tooth. The outer margin and coronal region is 
worn and broken away, nor are the postero — and antero— lateral 
borders sufficiently preserved to show more than the projection of 
the basal rim beyond the coronal limits, as obtains in both examples, 
the borders gradually converging, coronal limits defined from the 
basal rim by a shallow sulcus ; the inner margin is broadly rounded, 
with a slight sigmoidal curvature in passing from the obtuse anterior 
angle to the slightly produced posterior angle. The crown surface 
gently rises from the antero-lateral border, culminating in a broad 
low crest situate in the posterior half of the coronal area, thence 
more steeply sloping into the narrow shallow concavity parallel 
with the posterior border; surface minutely punctate. Greatest 
diameter across the inner margin .17 mm. ; length along the antero- 
lateral border 7.5 mm. 

The type specimen shows a faint longitudinal depression near the 
median line, which does not appear to have been produced by wear 
as it descends to the unworn enameled inner margin, and toward 
the antero-lateral border the surface is marked by a thread-like 
groove, defining a narrow plain belt along that side, which is appa- 
rently also a permanent constituent of the coronal contour. 

Another and smaller tooth belonging to the left ramus of the 
lower jaw, shows nearly the same outline as the specimen described 
above, but it is distinguished by the greater prominence of the 
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coronal ridge and the somewhat greater obliquity of the postero- 
lateral border. As in the above example, the anterolateral border 
has a moderately oblique course from the obtuse inner angle out- 
ward and forward, and is similarly marked by the produced basal 
rim; the posterior depression, however, is quite obsolete, the slope 
from the summit of the coronal ridge to the rounded fold along the 
postero-lateral border showing scarcely the least transverse con- 
cavity; on the other hand, while the gentler declivity in front is 
faintly depressed, it is destitute of the impressed thread-like line 
and narrow belt parallel with the anterior border observed in the 
larger tooth. The surface punctation of the smaller specimens is 
appreciably coarser and more like that of the associated teeth of 
Psephodus, and in both the remnant of coronal enamel along the 
inner margin is traversed by similar faint parallel lines of growth. 
In the process of the preliminary distribution of the materials of 
the collections for study, the teeth upon which the foregoing notices 
are based were referred to Psephodus obliquuSy a relationship 
which may yet prove to be well founded — the smaller of the examples 
above referred to possibly representing the young stage of the large 
teeth described under the latter designation. The latter specimen, 
however, shows the inrolled extremity entire, instead of the oblique 
truncation such as distinguishes all mature individuals of PsepJwdus, 
while the strong inroUment and consequent strongly arched longi- 
tudinal profile offer marked contrast with the forms of Psephodus 
with which the present teeth were associated. The larger example 
bears a striking resemblance to the mandibular posterior form of 
Cochliodus; but of the latter genus no other remains have thus far 
been discovered in Kinderhook horizons affording the teeth above 
noticed. 

Geological positwn mid locality: Kinderhook formation; Burling- 
ton, Iowa. 

Psephodus latus, St. J. and W. 

PI. II. FlK. 1. 3. 

Teeth small. Mandibular median (?) form sub-triangular in out- 
line, moderately arched in the direction of inrollment. Antero" 
lateral border nearly straight, undulated, the crenulated coronal fold 
gharply inbeveled to the channeled basal portion; postero-lateral or 
oblique border rapidly converging towards the outer extremity, making 
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an angle of 55° with the opposite border, with which it agrees in 
other respects, although the basal portion is thicker and expanded 
posteriorly beyond the limits of the coronal fold; inner margin at 
right angles to the antero-lateral border, broadly arched from the 
obtuse anterior angle round the base of the coronal prominence, 
behind which it makes a slight concavity on the way to the sub- 
acute posterior extremity. Coronal surface gradually rising into the 
rounded crest which lies a little behind the median line, the poste- 
rior slope slightly concave, the anterior slope even Jess so, alate 
expansion obscurely defined. Surface marked by minute, wide- 
spaced punctffi. Greatest lateral diameter across the inner margin 
13 mm. ; length along antero-lateral border 9. mm. 

The above described form is represented by a couple of nearly 
entire teeth, in the collection of Mr. Van Home. They are closely 
related to the corresponding form of the representative species oc- 
curring in the Chester formation, which latter, however, is distin- 
guished by the finer punctation, more oblique backward course of 
the inner margin, and less central position of the coronal ridge. 

The St. Louis collections also afford many examples of the diverse 
forms of teeth which have usually been identified with the genus 
HeloduSy but which, possessing certain characteristics in common 
with unquestionable forms of PseplwduSy seem to possess intimate 
generic relations with the present form. The latter teeth may be 
distinguished in a general way by their eccentric coronal prominence, 
crenulated lateral borders and margin of the abrupt outer coronal 
slope, presenting extreme variation in outline and coronal contour. 
Not infrequent examples are met with showing the downward and 
outward produced base characteristic of Lophodm, as obtains in 
L. {Helodus) didymiis, Ag. ; but more frequently the posterior ba'Bal 
portion is inbeveled, indicating that the individual may have con- 
stituted one of a series of teeth more or less perfectly joined at 
their bases, forming a continuous plate the same as is known to 
occur in individuals of Psephodus. Varying from the asymetrical 
contorted forms to broad surfaced sublunate symmetrical teeth, 
almost every conceivable variation attributed to this class of teeth 
is observed amongst the St. Louis material, the same as occurs in 
the Kinderhook and Chester collections. The specific identity of 
these diverse forms with the teeth above described is in many in- 
stances as clearly indicated as may be under the circumstances; 
but that all of them belong to a single species, we would not under- 
take to affirm with equal confidence. 
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Oeological position and location: St. Louis limestone; Alton, HI., 
St. Louis, Mo. 

PsEPHODus cuNULATus, St. J. and W. 

PI. II. Fig. 4. 

Tooth small, quadrato-lunate in outline, lateral borders nearly 
parallel, posterior margin strongly arched forward, making obtuse 
angles with the lateral borders, anterior margin correspondingly 
concave, terminating in the acute, outward-produced lateral angles. 
Coronal region moderately arched in both directions, with an abrupt 
declivity bordering the anterior side, the surface presenting a some- 
what uneven contour, which is also discoverable in the slightly greater 
prolongation and rounding of one of the outer lateral angles, and 
the relatively greater depth of the tooth at that side; the enamel 
makes a distinct narrow belt sharply inbeveled to the basal portion 
all round, lateral borders obscurely undulated, posterior edge plicato- 
denticulate, outer margin occupied by vertical plicae terminating below 
in deep crenulations. The base is relatively thick; inferior surface 
slightly depressed and smooth, lateral borders nearly vertical and 
faintly channeled, inner margin deeply channeled, together with 
the coronal belt, and terminating below in a thin rim slightly in 
advance of the coronal edge, the edges all round coarsely pitted. 
Coronal surface presents a somewhat irregular, minute punctate 
structure, showing marked evidences of attrition from use. Breadth 
across outer margin 9,5 m m. ; length along one of the lateral 
borders 5mm.; length along median line 8 mm. 

The unique specimen above described represents a nearly perfect 
tooth of a form not before met with. Its aflfinities are unquestion- 
ably with PsephodtLS, with whose numerous dental remains it is 
associated. The narrow forms of P. crentdatus (N. and W., sp.,) 
present, in their crenulated margins, striking resemblance with the 
present tooth, even as to the details enumerated above, though 
perhaps not so pronounced as observed in the individual described. 
The same observation holds as regards the coronal contour, which 
is gradually sloped from the brink of the abrupt outer declivity to 
the inner margin. It is, therefore, with some doubt its specific dis- 
tinctness is recognized; it may prove to belong to a posterior row 
of teeth of one or other jaw, or possibly interposed near the sym- 
physis between the flat, narrow, Helodus-like teeth, whose specific 
identity with the contorted, inrolled median plates of P. crcnulatus 
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can scarcely be questioned. Its salient contrasts, compared with 
the forms associated under the latter specific designation, consist in 
the more S3rmmetrical outline, and coarser, irregular character of 
the coronal punctae. 

Geological position and locality: Chester limestone ; Chester, Illinois. 



Genus TJENIODUS, L. de Koninck Mss. 

Teeth representing the posterior form of the upper jaw attain large 
size, sub-rhomboidal or oblique-trapezoidal in outline, moderately 
arched from within outward, and inrolled, more or less obliquely, 
outward and forward. Lateral borders regularly and gradually con- 
verging toward the outer extremity, which may be truncate, as in 
PsephodiLSy of moderate depth, inferior or basal portion channeled 
and distinctly defined from the coronal fold, which forms a sort of 
coping along the upper edge; antero-lateral border relatively short, 
having a more or less oblique outward and forward course and slightly 
concave curvature between the obtuse inner angle and point of inroll- 
ment ; postero-lateral border gently and regularly arched from the sub- 
acute posterior angle, and gradually converging outward with slightly 
greater obliquity than the opposite border; inner margin making a 
gentle ^curvature from the posterior angle forward to the rounded 
angle at the base of the coronal prominence, where it is suddenly 
deflected forward with a slight concavity to the anterior angle, 
making a very obtuse angle with the posterior half of its course. 
Coronal contour presenting a simple posterior prominence culmin- 
ating in a low, rounded crest, the broad posterior slope usually 
slightly convex, though sometimes faintly depressed, that on the 
opposite side apparently more abrupt and merging into the sUghtly 
depressed anterior area ; the surface is more or less distinctly un- 
dulated by transverse ridges separated by narrow furrows, conform- 
ing in outline to the inner margin. The usual punctate structure 
occurs over the entire coronal region, the pores showing a tendency 
to irregular elongation in the axis of the transverse sulci. Inferior 
surface of teeth showing the dense inferior layer longitudinally 
striated; thickest beneath the coronal ridge. 

The foregoing diagnosis applies to a group of teeth meagerly rep- 
resented in the collections by the form homologous with the posterior 
teeth of the upper jaws of Cochliodiis and allied genera. A single, 
nearly perfect specimen from the Carboniferous limestone of Vesi, 
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Belgium, in the De Koninck collection, belonging to the Museum of 
Comparative Zoology, at Cambridge, bears the manuscript name, 
T(Eniodu8 contortus, de Kon? The characteristics which distinguish 
this specimen are intimately reproduced in the American samples 
hereinafter particularly noticed, and which constitute a well-defined 
form, for which we have adopted the unpublished appellation be- 
stowed upon the typical species recognized by Dr. de Koninck. The 
relations of these teeth are apparently near PsepJwdus, from the 
supposed maxillary median forms of which they are indeed chiefly 
distinguishable by the pronounced differentiation of the coronal con- 
tour, in which respect they approach nearer certain remote forms 
of typical Cochliodonts, e. g., Stenopterodus, 

The American species are readily distinguishable from the con- 
generic Belgian species, T. contortuSy de Kon. The latter is remark- 
able for its comparatively strong inrollment, slightly depressed 
posterior coronal slope ; in general proportions and outlines it bears 
closest resemblance to the Chester teeth, T, ohliquus. 

The genus is known only from Carboniferous strata, of which, 
besides the typical European representative, there are authentic de- 
terminations of three species from America, all from the Lower 
Carboniferous series. 

T^NioDus FAciATus? (N. and W. sp.) 

PI. XIIT. FiR. 9. 
/)eZ<odus /acia^ws. Newberry and Worthen. 1870, III. Gool. Surv., IV. p. 366. PI. Ill, f, 17. 

Maxillary posterior tooth attaining large size, elongate subhrhom- 
boidal in outline, gently arched in the direction of inrollment. 
Antero-lateral border relatively short, obliquely produced outward 
and forward at an angle of about 25'^ with a line connecting the 
inner angles of the tooth; postero-lateral border very gradually 
converging toward point 'of inrollment with a gently arched course 
— character of coronal fold and basal rim not known in either 
border ; inner margin making nearly a right angle with the postero- 
lateral border to a point about midway, where it is abruptly 
rounded and deflected forward with a slightly concave course thence 
to the obtuse anterior angle, worn specimens beveled inferiorly. 
Crown surface chiefly occupied by the posterior prominence, which 
presents a broad gently convex slope rising from the postero-lateral 
boarder into the crest, the opposite side more abruptly descend- 
ing and merging into the shallow depression occupying the anterior 
portion of the crown; the surface is more or less strongly marked 



VERTEBRATES. 77 

by transverse undulations conforming to the inner margin, the 
narrow intervening grooves showing coarse and irregularly elongate 
punctie which elsewhere present at the triturating surface merely 
circular orifices spaced by twice or thrice their own diameter. The 
original specimen measures in transverse diameter between the 
inner angles about 38 m m. ; greatest length above 60 m m. 

The above species was originally described from a unique imper- 
fect example, and the very few subsequent accessions are even 
more fragmentary, and none are sufficiently entire to give the exact 
proportions of the perfect tooth. The fragments are, however, 
readily recognizable by their peculiar coronal contour and transverse 
undulations. In the light of these imperfect data, there appears to 
be specific identity between the Keokuk teeth and a couple of 
fragments of the same forms discovered by Mr. Van Home in the 
Warsaw beds; the Keokuk specimens are more worn and present a 
less strongly undulated surface than obtains in the Warsaw 
examples, which otherwise, in outline, proportions and general 
coronal contour, agree well with the Keokuk teeth. A fragment of 
another specimen, from the St. Louis formation, near Pella, Iowa, 
representing a tooth of the ordinary size attained by the present 
species, is also undiutinguishable from the individuals just mentioned. 
The present form presents marked contrasts with that noticed from 
the Chester formation under the head of Tieniodus oUiquus, as 
remarked in the observations appended to the diagnosis of the 
latter species. 

Geological positions and localities : Keokuk limestone, Warsaw and 
Hamilton, Illinois. Also, sp. ?, Warsaw limestone, above Alton, 
111.; and sp.?, St. Louis formation, Pella, Iowa. 



TffiNiODus REauLARis, St. J. and. W, 

PI. XIII, Fig. li. 

Teeth of large size. Maxillary posterior ( '?) form subhrhomoidal 
in outline, moderately arched iu the direction of inrollment. 
An tero- lateral border very oblique in its forward and outward 
course, the coronal belt nearly vertical and comprising half 
the height of the border, a slight sulcus defining it from the I 
portion, the inferior edge of which is broken : 
border almost parallel with the opposite side, 
about 55^ with a line drawn between the 
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margin, coronal enamel apparently forming a narrow fold, basal 
border not preserved; inner margin broadly arched from the 
subacute posterior angle round the base of the coronal prominence, 
thence with a slight concavity on the way to the obtuse anterior 
angle, worn specimens inbeveled below. Two-thirds or more of the 
coronal surface is occupied by the posterior lobe or prominence, 
which is gently and regularly arched transversely, the anterior 
slope descending into the very shallow concavity of the anterior 
portion of the crown, which is abruptly truncated at the articular 
border; surface marked by irregularly spaced transverse undula- 
tions, which are nearly obsolete in worn specimens, and producing 
a banded appearance conforming in outline to the inner margin; 
the punctae are small, moderately closely arranged and uniform, 
save in the axes of the transverse furrows where they often present 
irregular elongate orifices. The surface of the dense inferior layer 
is smooth or irregularly striated longitudinally. The tooth is very 
thick and massive beneath the coronal prominence, whence its sub- 
stance gradually diminishes in thickness towards the lateral 
borders. Greatest breadth of tooth across the inner margin 46 
m m, length of antero-lateral border to point of enrollment proba- 
bly nearly 22 m m, or in the neighborhood of two-thirds that of the 
postero-lateral border. 

The description .is founded upon a unique example purporting to 
have been derived from a locality on the Warsaw limestone near 
Bedford, Indiana. The tooth is unmistakably congeneric with the 
form noticed under the name Tieniodus fasciatus, but representing a 
somewhat larger and more entire individual. It is, however, 
specifically distinguishable from the latter by the proportionately 
greater breath and transversely more regularly arched coronal 
prominence, which does not exhibit the sudden deflection in the 
course of the transverse undulations noticeable in the above cited 
species. 

Geological position and locality : Warsaw limestone, near Bedford, 
Lawrence County, Indiana. 

TiENiODus OBLiQuus, St. J. and W. 

PL XIII. Fig. 10. 

'Maxillary posterior ( ?) teeth of medium size, obliquely trapezoidal 
in outline, somewhat strongly arched from within outwards. Antero- 
lateral border obliquely produced outward and forward at an angle 
of about 20'' with a right line connecting the inner angles of the 
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tootb, coronal enamel forming a narrow belt rounded to the basal 
border, which was probably of shallow depth ; postero-lateral border 
converging toward point of inrollment at an angle .of about 35'' with 
the opposite border, and similarly defined by the rounded enamel 
fold, which in both borders shows indistinct traces of minute crenu- 
lation, basal rim in either border not known; inner margin making 
a broad sigmoidal curvature, broadly arched round the base of the 
coronal prominence from the subacute posterior angle, with a moder- 
ate concavity in papsing to the obtuse anterior angle, in worn speci- 
mens inbeveled inferiorly. Coronal prominence occupying three- 
fourths of the entire area of the crown surface, moderately elevated 
and broadly arched trausverely, the broader slope regularly rising 
from the postero-lateral border into the nearly median low crest and 
slightly more steeply sloped into the shallow depressed belt occupy- 
ing the anterior portion of the surface; the coronal surface is 
traversed by strong, more or less regularly spaced undulations 
parallel with the inner margin, the intervening sulci occupied by the 
irregularly elongated orifices of the medullary tubes which elsewhere 
appear as minute circular pits, spaced by three times their own 
diameter, surrounded by low rims with faint stellate radiations; in 
worn surfaces the transverse undulations become obsolete, though 
the position of the sulci is still plainly discernible by the parallel 
bands of coarse pores. Greatest lateral diameter of a medium size 
tooth 80 m. m., length along antero-lateral border to point of inroll- 
ment about 15 m. m. 

The above described form which was discovered by Dr. Hambach, 
is represented by three individuals, all belonging to the right ramus 
of the upper jaw, one only presenting a nearly entire tooth. This 
is sufficiently perfect to permit, satisfactory comparison with con- 
generic forms and the discrimination of its specific peculiarities. 
Intimately allied to the earlier occurring species, it is at the same 
time distinguishable from that described from the Warsaw horizon 
of Indiana, Tteniodm rajulariSy by its relatively narrower propor- 
tions and more oblique outline; "it differs from T, fasciatu^, of the 
Keokuk formation, as also the form provisionally identified with 
that species from the Warsaw beds above Alton, both in its greater 
obliquity and transverse diameter. At the same time it bears a 
general resemblance to the Belgian species T. contortus, De Kon., 
which latter, however, is relatively longer, the enamel fold of the 
lateral borders much more strongly developed, and in the distinct 
depression of the posterior slope of the crown surface. 
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Geological position and locality: Chester limestone, Chester, Illi- 
nois. 

Genus VATICINODUSS St. J. and W. 

The distribution and investigation of the materials illustrating 
Deltoptychius and allied genera, have brought into prominence homol- 
ogous forms of teeth which range themselves under a group appar- 
ently characterized by persistent features, in contradistinction to 
Deltoptychius on the one hand, and Stenopterodus on the other, 
and which, if we are correct in inferring their generic distinctness, 
offer a premonition of the later diflferentiated Orthophurodus^ etc. 
Unfortunately, however, the state of preservation of the material 
illustrating these forms is in no instance such as leads to indubita- 
ble conclusion in regard to their generic distinctness from Stenop- 
terodus. Hence the various specific categories into which the forms 
from the several formations readily resolve themselves, are pro- 
visionally recognized under the above generic designations. 

The forms above referred to represent the posterior teeth of the 
upper and lower jaws. The maxilliary form is in every respect like 
the corresponding teeth of Deltoptychius, save in the apparent 
absence of the least vestige of the presence of the secondary lobe, 
the entire anterior portion of the tooth forward of the posterior 
prominence presenting a plain surface, such as obtains in Stenop- 
terodus, The anterior-lateral border is probably truncated from the 
ini\er angle slightly obliquely outward and forward, in which respect 
it differs from the prevalent condition observed in typical Deltop- 
tychms and Stenopterodus. The mandibular form is also in general 
outline and contour like that of the former genus; but the indi- 
viduals here referred to do not preserve a trace of the narrow plain 
belt such as in Deltoptychius, distinctly defines the median lobe from 
the edge of the abrupt antero-lateral border. In the latter particular 
the teeth referred to bear striking resemblance to the mandibular 
posterior form of Orthopleurodus. As all of the few examples of 
this form are represented by evidently worn individuals, it cannot 
be denied that they may be merely abraded teeth of Deltoptychius. 

With one or two exceptions, the species noticed in this connection 
are unquestionably distinct from those hereinafter described under 
the head of Deltoptychius. These possible exceptions relate to the 

^Vaticinu.f, prophetical; odous, tooth. In allusion to its being the supposed earliest of 
the Cochliodonts. 
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species noticed respectively from the St. Louis and Chester forma- 
tions, as will be remarked further on. The earliest representative 
occurs in the upper horizon of the Kinderhook formation, the Upper 
Burlington, St. Louis and Chester each contributing representative 
forms, while a single form from the Upper Coal Measures, and one 
from the Lower Coal Measures, are with doubt here referred. The 
Kinderhook and Upper Burlington afford the typical representatives, 
being represented by examples which it is difficult to believe ever 
possessed the distinctive characters essentially attributed to Deltop- 
tychius. We owe to the kindness of Lord Enniskillen opportunity to 
compare, from drawings, a magnificent tooth derived from the Car- 
boniferous limestone of Oreton, in Shropshire, England, and belong- 
ing to the museum at Florence Court, Ireland. The latter tooth 
shows a large example, above four inches in its greatest diameter, 
and of proportionate dimensions, of the maxillary posterior form. 
So far as it is possible to judge from the drawings, it possesses pre- 
cisely the coronal contour characteristic of the teeth of the corres- 
ponding form noticed in the following pages. The resemblances in 
common between the Shropshire and the Kinderhook teeth are 
especially pronounced, neither the one nor the other would be mis- 
taken for a typical Deltoptychim. In both examples the posterior 
prominence is obscurely defined from the plain anterior region, 
which shews not a trace of secondary lobe. The genus may also 
include the tooth described by Dr. L. de Konincy under the name 
Strehlodiis tenerrimag, from the Lower Carboniferous deposits of Tour- 
nay, Belgium. 

Again, if the evidence be fairly admissible, the forms here especi- 
ally referred to, offer some most interesting suggestions bearing on 
the derivation of allied and coexisting generic forms. That referred 
to under the name Vaticinodus vetustus, from the Kinderhook, rep- 
resents the earliest species not only of this particular group, but 
also of typical Cocldiodonts. Passing up into the Upper Burlington, 
next is met with an apparently congeneric form F. discrepans. Dur- 
ing the latter epoch Chitonodvs, the immediate precursor of Cochlio- 
dus, was introduced, and also Deltoptychius and Stenopterodiis, The 
latter is plainly a somewhat more pronounced differentiation, while 
Deltoptychim holds an intermediate place between the primal groups 
and Stenopterodm. 



(Note.) ^ Fauno calcnire CurboniftTe do la Belgique, II, p. 55, P. VI, f. 13. 
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Vaticinodus VETUSTU8, St. J. and W- 

n. III. FJ«. 1. 

The unique example of the present species represents a large pos- 
terior tooth belonging to the left ramus of the upper jaw. It is 
elliptical or spatulate in general outline, moderately arched longi- 
tudinally, and apparently strongly inrolled along the outer margin, 
terminating posteriorly in a sharply-rounded angle formed by the 
posterior basal spur, which extends conspicuously beyond the coronal 
limits, angle of obliquity of the antero-lateral border not shown, but 
evidently forward from the inner angle. The tooth is considerably 
thickened in the region of the posterior border, its substance rapidly 
diminishing in the opposite direction, on account of which the ante- 
rior articular border is liable to mutilation, as is the case in the 
present example. The basal rim along the postero-lateral border 
forms a prominent platform projecting beyond the coronal border for 
half the distance toward the point of inroUment, the coronal enamel 
forming a heavy rounded inbeveled belt distinctly defined from the 
basal portion, which latter also forms a deep border along the inner 
margin of the tooth. Inferior surface marked by interrupted coarse 
verrucose striae, conforming in direction to that of the inrollment of 
the tooth. The crown still retains along the inner margin the orig- 
inal coating of glossy enamel, the summit and outer region exhibit- 
ing progressive degrees of wear from use, and fine punctate structure, 
inner margin distinctly defined from the base by the limits of the 
enamel coating, and marked by parallel lines of growth; posterior 
prominence occupying perhaps one-third the lateral diameter of the 
crown, presenting a broad, low convexity flattened along the crest 
and somewhat depressed from within outwards, where it merges into 
the border anterior area, which latter is smooth and without longi- 
tudinal folds. From the surface conformation, and direction of in- 
rollment, it is safe to infer the somewhat oblique outward and for- 
ward course of the antero-lateral border. Greatest length of crown 
probably near 13 centimetres, to extremity of posterior spur 15 cen- 
timeters, greatest breadth near middle of tooth along a line diagonal 
to the longitudinal axis 45 m m. 

The mutilated condition of the sole example representing the spe- 
cies does not allow the making out of the character of the antero- 
lateral border; otherwise the specimen permits of satisfactory com- 
parison with allied congeneric teeth. Of the latter there appears to 
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be a strong resemblance to the large tooth found at Oreton, in 
Shropshire, drawings -of which were kindly communicated by Lord 
Enniskillen, showing a tooth of nearly equal dimensions and differ- 
ing chiefly from the present form in the less prominent and well 
defined posterior coronal lobe, and perhaps less massive proportions 
in the region of the coronal prominence. The latter form we are 
not aware has been described. The distinctions of the present form, 
compared with the smaller forms hereinafter described, need not 
receive further notice in this place. The Belgian Carboniferous 
tooth described by Dr. L. de Koninck under the name Streblodus 
tenerrimus, is under medium size, and is further distinguished from 
the present tooth by its relatively narrower posterior prominence 
and stronger spiral inroUment. 

Oeohgical position and locality: This unique example was derived 
from the uppermost bed of the Kinderhook series exposed in the 
banks of Long Creek, a tributary of Skunk river, Des Moines Co., 
Iowa. 



Vaticinodus DiscREPANB, St. J. and W. 

PI. III. Fiif. 2. 3. 

The collections contain three or four examples of maxillary pos- 
terior teeth, which, although in a fra|:mentary state of preservation, 
apparently differ from any of the associated species thus far made 
known from the Upper Burlington horizon, in which the present 
form was discovered by Mr. Springer. They are evidently referable 
to the above genus, and offer the following distinctive features, es- 
pecially compared with the much more prevalent forms of Stenop- 
terodus planus, with which they are associated, and for which they 
are most liable to be mistaken: Attaining a larger size, the teeth 
are specially distinguished by the much more rapid convergence 
of the posterolateral border, and the consequent greater ob- 
liquity of the coronal prominence, which presents a broad, very 
slightly convex posterior slope, and abrupt declivity in front, where 
it is defined by a slight angulation from the plain anterior area. 
The inner margin is more sharply rounded in the region of the base 
of the coronal prominence, slightly concave or constricted in front, 
and thence to the obtuse anterior angle it pursues a gently arched 
or nearly direct course. The coronal surface shows minute, closely 
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Bet punctffi ; toward the inner margin the enamel layer is undulated 
by transverse lines of growth. The absence of distinct longitudinal 
arrangement of the pnncttt? also contrasts with the above named 
species. A mature individual attains a breadth across the inner 
margin of 27 mm., and a length along the antero-lateral border of 
probably 10.5 mm. 

We have thus far failed to recognize other and probably associate 
forms of the above species, so that it is impossible to say how in- 
timate its relatione are with the teeth that constitute the represent- 
ative forms of the allied genua Stcnoplerodus. The general outline 
and the obliquity of the coronal prominence offer striking resem- 
blances to Deltoptyckiiu, but the absence of the secondary lobe 
anterior of the principal prominence precludes its reference to that 
genus. 

Geolngical j)osition and locality: Upper BurUngton limestone fish- 
beds ; Buffington creek, and Augusta, Iowa. 



VATicrNODua? biuplex, St. 3. and W. 
PI. IV. fIk. a-sfi. 
Teeth of small size. Masillary posterior teeth subelliptical in 
outline. Antero-lateral border somewhat obliquely truncated from 
the obtuse inner angle forward to point of inroUment ; postero- 
lateral border very rapidly converging from the sharply rounded 
posterior extremity toward point of iiiroDment, forming, an angle of 
20^ to 30" with the opposite border, making a broad gentle arch ; 
basal border channeled and posteriorly produced into a thin rim 
which cvtends beyond the limits of the iubeveled coronal border; 
inner margin in front nearly parallel mth the postero-lateral 
border, strongly and abruptly arched round the base of the coronal 
ridge to the posterior extremity, basal portion relatively deep and 
placed in the snme plane as the crown from which it is defined by 
the inbeveled inferior belt of enamel. Coronal region moderately 
arched in the direction of inrollment, posterior lobe occupying 
rather less than half the lateral diameter of the crown, very 
oblique, and sufbciently well-defined in front, moderately arched 
trausTcrsely with a slight depressed belt along the postero-lateral 
border; anterior portion or neck nearly plain, or very faintly eon- 
vex transversely, with an obscure revolving sulcus margined by a 
nan-ow plain belt along the antero-Interal border,— in worn 
examples, even the posterior lobe is imperfectly defined in front 
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from the plain anterior neck. Surface along inner margin often 
preserving the external coating of dense opaque enamel, mth more 
or less distinct lines of growth; otherwise the surface exhibits a 
minute pitted structure produced by the relatively widely-spaced 
punctfiB. A mature tooth measures in greatest width between the 
inner angles 10 m m.; length of antero-lateral border to point of 
inroUment 4.5 m m. 

Thus far only the posterior teeth of the upper jaw have been 
identified. The fragmentary condition of the majority of the speci- 
mens often renders their identification with one another a difficult 
matter, not to mention the necessary comparisons in order to 
determine their relationship with other similar forms occurring in 
the same strata. In their general aspect these teeth bear a striking 
resemblance to Deltoptychius expansus ; but they may be dis- 
tinguished by the absence of the median sulcus and subordinate 
ridge in front of the posterior coronal prominence, and specifically 
by their narrow transverse diameters. 

Associated with the above mentioned teeth, certain forms repre- 
senting the mandibular posterior teeth occur, which might be mis- 
taken for more specimens of the homologous form of Deltoptychius 
expansus. None of the latter specimens are in a state of preserva- 
tion to show their distinctive features with sufficient clearness to 
dispel all uncertainty in regard to their generic relations. Their 
coronal region is divested of the superficial enamel coating, expos- 
ing the minute close punctate structure such as appears in worn 
surfaces, and presenting a nearly plain coronal prominence without 
subordinate narrow belt along the antero-lateral border, as occurs 
in typical examples of Deltoptychius; in the latter respect these 
teeth approach the corresponding form referred to Orthopleurodus, 
and while we are in doubt as to their actual affinities, they are 
provisionally placed in the present specific association, of which 
characteristic examples of both forms are presented in the illustra- 
tions. Compared with the homologous teeth of Deltoptychius expan- 
sus, they are further distinguished by the less oblique backward 
course of the inner margin, which forms nearly a right angle with 
the antero-lateral border, the appreciably narrower and less up- 
raised alation, which is marked near the border by a slight furrow 
or angulation from which rises the narrow marginal belt along that 
side, and which is inbeveled to the channeled basal portion. The 
deep antero-lateral border is abruptly truncated, half its height 
enveloped in the belt of coronal enamel, which is well defined from 
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the downward and slightly outward produced basal rim. A medium 
sized tooth measures between the angles of the inner margin 5 
m m, and about the same as the length along the antero-lateral 
border. 

Geological position and localities : St. Louis formation : St Louis, 
Mo., Alton, 111., Pella, Iowa. 



Vaticinodus? similis, St. J. and W. 

PI. IV. Fig. 17-19. 

Maxillary posterior teeth very small, subspatulate in outline, very 
obliquely inroUed. Anterolateral border with moderate obliquity 
outward and forward, coronal fold very narrow and inbeveled to the 
shallow, channeled basal rim ; posterolateral border slightly arched, 
basal portion channeled and limited above by the inbeveled coronal 
fold, posteriorly expanding beyond the coronal border terminating 
in the sharply-rounded posterior extremity; inner margin abruptly 
and deeply arched from the posterior angle round the base of the 
coronal prominence, thence more gently curved to the obtuse 
anterior angle. Coronal prominence occupying about half the 
entire area of the crown, moderately and regularly arched trans- 
versely, culminating in the low rounded crest near the anterior 
side where it is more or less well defined from the plain anterior 
area into which the slope merges. Surface closely and finely punc- 
tate, the anterior region showing faint revolving plicaB. Breadth 
between the angles of the inner margin about 9mm.; length 
along antero-lateral border probably 3 m m. A large tooth 
measures 22 m m. across the inner margin, and 6 m m. at the 
antero-lateral border. 

With the above described form occur teeth referable to the opposed 
position on the lower jaw, and which may have been associated 
with them. These teeth might readily be mistaken for worn 
examples of the mandibular posterior teeth of Deltoptychius, which 
they closely resemble in outline and contour of the coronal region. 
The specimen figured presents the usual appearance of the form, 
which has a triangular outline, the antero-lateral border slightly 
curved, with abrupt mural face, half or more of its height envel- 
oped in the enamel belt which is distinctly defined from the slightly 
flaring basal rim; inner margin nearly at right angles with the 
anterior border, broadly arched in a slight sigmoidal course passing 
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to the posterior angle; postero-lateral border, basal portion chan- 
neled and expanded behind. The principal lobe occupies something 
less than half the transverse diameter of the crown, presenting a 
nearly plane or slightly convex slope to the abrupt anterior edge, 
along which should lie the distinctly defined narrow, plain belt did 
these teeth belong to Deltoptychius, and where, indeed, in some 
specimens a faint depressed line does occur, a character in accord- 
ance with the homologous form of the latter genus; posteriorly the 
slope more abruptly descends into the wide posterior depression, 
along the outer border of which lies the rather suddenly upraised 
posterior wing. The surface presents a similar punctate appearance 
noted in connection with the before mentioned maxillary teeth. 
Breadth across inner margin, 5 mm; length of antero-lateral bor- 
der to point of inroUment, about 5 mm. 

The maxillary teeth above noticed present an approach to the 
straight postero-lateral border characteristic of Ortliopleurodns; but 
here the resemblance ceases, for the border is gently arched, and 
the position of the posterior lobe, or rather the anterior culmina- 
tion of its crest, determines its relations with the present genus, 
should it prove not to be referable to Deltopty chins. Their exist- 
ence, however, is extremely suggestive of the derivation of the coal- 
measure genus, although there seems to be evidence that the present 
genus survived the introduction of Orthopleurodus, along with which 
its supposed representatives are found. 

Compared with the previously described forms from the St. Louis 
limestone, V. simplex, there exists the most intimate relationship, if 
not actual specific identity, the chief distinction consisting in the 
apparent greater robustness of the present teeth. 

With the above observations, until more complete materials shall 
have been acquired, the determination of the generic identity of 
these fragmentary dental remains will necessarily remain for the 
present in a state of uncertainty. So intimately are the species of 
Vaticifiodus, Stenopterodus and Deltoptychiiis linked together, that it 
might be anticipated the more differentiated forms of Ortlvoplexjurodus 
may have had ancestors in direct line as early as the time when 
the sediments of the St. Louis and Chester formations were in 
process of deposition. 

Oeological position and locality : Chester limestone, upper fish-bed 
stratum; Chester and Evansville, Illinois. 
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VaTICINODUB? CARUONARIUfi, St. J. ftud W. 
I'l. IV. FlK. 30. 

Maxi]lary posterior teeth below medium size, irregularly oblong or 
subspatulate in outline, moderately arched from within outwards. 
PoBtero-lateral border Bomewhat rnpiiUy converging from the acutely 
rounded posterior extremity to the point of inrollment, the narrow 
enamel fold inbcveled and distinctly defined from the rather widely 
expanded basal rim, which projects gently downward and outward 
beyond the coronal limits ; antero-lateral border not preservetl ; 
inner margin apparently broadly and regularly arched, inbeveled 
inferiorly. Coronal prominence occupying half, perhaps more, of 
the crown surface, obscurely defined in front from the plane anterior 
area, gently arched transversely with the wider slope posterior of 
the low crest. Worn surface minutely and closely punctate. 

The present species is recognized from a single specimen belong- 
ing to the left ramus of the upper jaw. Unfortunately it ia muti- 
lated, not displaying the character of the antero-lateral border, and 
ihe coronal surface is so disfigured by attrition as to obscure the 
original contour. Its relations, however, seem to be with the teeth 
arranged under the present generic formula, of which it is an inter- 
esting recurrence in the uppermost groups of the Carboniferous 
series. It is, however, possible that it may prove to be generically 
allied to SleHnptenxias. Worn specimens of the corresponding form 
of the St. Louis species, S. pnrculug, would indeed be difficult to 
distinguish from the present unique example. 

Geohijlcal position iind hralitii .- Lower Coal Measures, roof of coal 
No, 5, of the Illinois general section, Carlinville, Illinois. 

Vaticinoms ? LEPis, St. J. and W. 

n. IV. FlK.21. 

Posterior tooth of the maxillaries of small size, subrhomboidal in 
outline. Antoro-latoral border very oblique in forward and outward 
course, making a comparatively slight angle witli the inner margin, 
which is broadly arched to the obtusely rounded posterior angle ; 
postero-lateral border gently arched, converging toward the point of 
inrollment at an angle of 80 , more or less, with the opposite side, 
and paralkd with the forward half of the inner margin, basal por- 
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tion channeled, positively extended beyond the limits of the narrow 
inbeveled fold of the coronal enamel ; the antero-lateral border simi- 
larly defined. Posterior lobe of the crown gently arched transversely, 
in front merging into the plane anterior surface from which it is 
apparently obscurely defined. Surface, along the inner margin pre- 
serving the dense enamel layer, with distinct lines of growth parallel 
with that margin; the worn triturating surface showing a minute 
punctate structure, the pores of extreme minuteness and relatively 
widely spaced. Greatest breadth across inner margin 9.5 m m, the 
basal spur extending a millimeter farther ; length along antero-lateral 
border about 4.5 m m. 

Only a solitary example of the present species is known to us. 
The coronal contour, although much worn by use, presents charac. 
teristics consonant with Vaticinodus, specifically differing from its 
Coal Measure congener V. carbonaritis, by the relative great diame- 
ter in the direction of inroUment, the broad and uniformly arched 
inner margin, also the more obscure definition of the coronal promi- 
nence. The arched condition of the postero-lateral border, and the 
entirely dissimilar coronal contour distinguishes the tooth from the 
homologous form of Orthopleurodm, with which it is associated in 
the same deposits. 

Oeological position and locality: Upper Coal Measures ; upper lime- 
stone at LaSalle, 111. 

Genus DELTOPTYCHIUS, Agassiz. 

Deltoptychius, Aeassiz. MSS.. 1859. etc.. D. iCochliodus) acutns, Ag. 

Teeth possessing the general characteristics attributable to the 
family CochliodontidsB. 

Posterior teeth of the lower jaw trigonal in outline, generally 
strongly built, and moderately arched in the direction of inroUment. 
Antero-lateral border partaking of a slight sigmoidal curvature in 
consonance with the spiral inroUment of the tooth, defined by a 
nearly vertical waU forming at the brink a right angle with the 
superior crown surface, and enveloped to a greater or less extent in 
the coronal enajnel which usually constitutes a slight inbeveled fold 
weU defined from the basal portion; postero-lateral border more or 
less oblique to the opposite border, toward which it converges at the 
outer extremity, defined above by a shallow enamel fold, beneath 
which the basal rim projects downward and outward, terminating 
posteriorly in a more or less produced spur; inner margin broadly 
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rounded or sigmoidally curved from the obtuse anterior angle into 
the more acute extremity of the posterior wing. Coronal contour 
presenting three divisions, all regularly narrowing toward the outer 
extremity, viz: In front, a narrow transversely plane belt; a more 
or less prominent median ridge defined in front by a slight angula- 
tion from the anterior belt, and sloping posteriorly into the broad 
depressiim from which rises the more or less laterally expanded 
posterior wing, — well preserved teeth also showing a slight angula- 
tion on this side of the median lobe where it joins the posterior 
depression. 

Posterior teeth of the upper jaw subspatulate in general outline, 
terminating posteriorly in an acute angle or spur, anterolateral 
border truncated generally obliquely outward and backward, strongly 
inrolled along the outer margin for two-thirds the distance from the 
anterior extremity. Crown defined from the base by a shallow in- 
beveled fold along both the antero — and the postero — lateral borders, 
the basal portion in front nearly vertical or somewhat channeled, 
projecting downward and outward behind where it forms the spur 
at the extreme posterior angle. Coronal region showing a depressed 
posterior prominence, in front of which less or more remote, a 
smaller secondary ridg^, separated by a plain intervening furrow, 
and having an oblique course from the within outward in conformity 
with the direction of inrollment; anterior neck generally smooth, 
destitute of marked revolving ridges or furrows, and gradually con- 
tracting toward the truncate anterior border, where the vertical 
depth of the tooth is at the minimum, in consequence of which the 
anterior border is extremely liable to mutilation as is shown by the 
rarity of entire examples of this form. 

The maxillary posterior form is immediately succeeded in front by 
at least one series of teeth, consisting of transverse coronal ridges, 
which together present a trapezoidal outline, the posterolateral bor- 
der articulating with the posterior tooth nearly straight and forming 
a right or obtuse angle with the inner margin, antero-lateral border 
more or less obliquely converging towards the outward extremity. The 
coronal ridges present a series of parallel crests, vertically convex 
behind and concave in front, which in general possess to some 
extent characters in common with certain forms of teeth, which have 
been variously referred to the genera Helodm and ChomatMlus. 

Coronal surface presenting the usual enamel coating; worn sur- 
faces punctate. 
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The various forms of teeth constituting the dentition of Deltopty- 
chhis have been in all cases recognized from isolated detached 
specimens, save in the instance of the maxillary posterior and median 
serial teeth. In the latter we have authentic evidence of specific 
identity, in the discovery by Mr. Wachsmuth of a specimen show- 
ing the teeth in actual material juxta-position. Wherever the one 
form occurs there also is found the others, and taking this fact into 
consideration and what is known of the various forms of teeth be- 
longing to the genera CoMioduSy OrOiopleurodus, etc., the association 
here conjectured seems to be amply warranted. The genus as here 
defined bears intimate relationship with Cochliodtis and Chitmiodus, 
holding an intermediate position between the latter and Vaticinodus 
and Stenopterodus. It is, however, distinguished from the former by 
peculiarities in the coronal contour of the maxillary posterior teeth, 
and the greater obliquity cuneate outline of the mandibular posterior 
form, but chiefly in the character of the enameled abrupt antero- 
lateral border of the latter form, which in Cochliodus presents a 
narrow fold precisely like that along the posterolateral border, also 
as occurs in either lateral border of the maxillary posterior form. 
This, in view of the uniformity of the articular borders in the vari- 
forms of Cochliodus, Chitonodus and their intimate allies, might be 
regarded as inconsistent with the conjectured association of forms 
in the present generic group of teeth. But after all it seems in 
some sort to foreshadow or form a transition from the true Cochlio- 
dus type to that of Pweilodus, the mandibular posterior form of 
which possesses much the same character of steep enameled antero- 
lateral border as obtains in the homologous form of the present 
genus; in both of the latter genera the articular border of the 
opposed maxillary form partakes still to a most intimate degree of 
the character of typical Cochliodtis. 

The genus is apparently confined to the measures of the Lower 
Carboniferous period, representative species occurring in each of the 
successive formations beginning with the Upper Burlington, and 
includes the form described by Dr. Leidy under the name Coch- 
liodus nitidus, of the Chester formation.^ 

According to the above interpretation of the facts, the genus pos- 
sesses precisely similar diagnostic terms distinguishing the form 
referred by authors to the **anterior" tooth of Deltoptychius acutus^ 

^ — ^ 

»Trans. Am. Phil. Soc, vol. xi, p. 87, PI. v, f. 2. 
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Agass., of the Mountain limcBtone of Ireland ; and almost to the 
same decree the maxillary posterior form named StrebUnlui Colei, 
AgABS., MSS., 185!t, from the same deposits. The so-called "termi- 
nal" tooth, which authors have aHsociated with the tirst named 
form, is Btrictly more intimately related to I'nciUMliiH, and is homologous 
with the mandibular posterior form, as shown by the alate postero- 
lateral border, and although destitute of transTerse undulations or 
imbrications, it partakes in a marked degree of the coronal 
conformation diBtinguishing the latter genus. Hence 'we are strongly 
impressed with the conviction that the two forms heretofore assoeiated 
under the designation D. actUns pertain to quite distinct generic 
categories, and that there exists strong probability of the generic 
identity with the present forms of the teeth referred to under the 
term Stmhlodus Colei, and their possible specific identity with the 
mandibular posterior (so-called "anterior") teeth of D. acutus. The 
typical form of Strfhlwlus Colei, however, presents distinctions which 
might readily be regarded as emphasized specific variations, as 
compared with the mii:iillary posterior form of Cocbliodtis contorlus, 
Agass,, iSlrehlofliin ohhitigus, Agass.) ; and at the same time it pre- 
sents an extreme departure from the normal churacterB distinguishing 
the same form which is here ascribetl to representative American 
species of Ddtoptyfkiun. From the latter the Irifih form is diBtiu- 
guished by the considerable breadth of the depressed interval 
separating the nari-ow secondary lobe from the posterior coronal 
prominence and the consequent relatively narrower anterior neck, 
which latter is nearly plain and terminated precisely as above de- 
scribed. It will, therefore, be observed on close inspection of the 
Irish and American forms that, while they differ in the above 
respect, thty are more intimately related to one another than the 
former is with the maxillary posterior tooth ot Oich. contortua (Streb, 
tihhngus,) and it is on these grounds we have been led to suggest 
its generic identity with Delloptyrhiits, as herein amended. The 
Irish form referred by autliors to the "terminal" tooth of DeUopty- 
rkiiis, is not met with in this country, unless, as has already been 
mentioned, it should be regarded as identical with the mandibular 
form of I'li-cihxbix. We are, however, not awiire that the Irish local- 
ities have afforded other I'-irUwlus forms whifb might be specifically 
identified with the latter. 
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Deltoptychius PBiMuSy St. J. and W. 

PI. V. Fig. 6-8. 

The dentition of the earliest known species of DeUoptychius is 
represented in the collections by a few imperfect, fragmentary exam- 
ples of the posterior forms of the upper and lower jaws, which 
attain medium size. The mandibular teeth may be distinguished in 
the examples before us by the obscurer definition of the median 
prominence from the narrow belt in front, and shallow depth of the 
enameled abrupt antero-lateral border. The opposed teeth of the 
upper jaw appear to have had the principal posterior prominence 
relatively more convex transversely, producing a more rounded out- 
line in this part of the inner margin than obtains in the repre- 
sentative Keokuk species. In the proportionate prominence of the 
secondary lobe, the present teeth bear greater resemblance to the 
corresponding form occurring in the Warsaw limestone, from which, 
however, they differ in the greater convexity of the posterior promi- 
nence. In size the above noticed teeth are uniformly below that 
attained by the allied forms in the Keokuk limestone, holding in 
this particular an intermediate position between the latter and the 
Warsaw species. 

The examples of the above noticed forms thus far known, chiefly 
from discoveries of Mr. Springer and Mr. Wachsmuth, are few, and 
unfortunately in a very imperfect state of preservation; owing to the 
friable nature of the mineralized dental substance; and while the 
material is insufficient to enable a detailed description of the teeth, it 
affords ample evidence of the generic relations, as also indicating 
the characteristics by which they may be contrasted with congeneric 
forms. 

Geological position and localities: Upper Burlington fish-bed ; Buf- 
fington creek, and Augusta, Iowa. 



Deltoptychius Wachsmuthi, St. J. and W. 

PI. V. FlflT. 1-5. 

Teeth attaining medium size. Mandibular posterior form triangu- 
lar in outline, sigmoidally curved along the inner mar^n, terminating 
in front in a narrow, inroUed beak ; postero-lateral border gradually 
converging toward the outer extremity, showing a deep, nearly vertical 
basal border, slightly inclined outward, and expanded toward the 
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posterior angle, and marked above by the narrow enameled fold which 
is defined from the basal portion by a slight channel ; antero-lateral 
border forming a vertical face at the inner angle, gradually sloping 
upward and backward toward the outer extremity, and, save a nar- 
row belt along the inferior edge, enveloped in the enamel fold, which 
is also well defined from the basal rim. Coronal region traversed 
longitudinally by a moderately prominent, transversely arched median 
ridge, the axis of which lies nearest the antero-lateral border, and 
sharply defined on either side by an angulation or narrow groove; 
anterior belt relatively narrow, very faintly arched transversely, or 
nearly plane, and scarcely half the width of the median-lobe; pos- 
terior alation about the same width as the median-lobe, transversely 
concave and merged into the posterior depression from which it 
steeply rises into the produced posterior angle. Surface finely punc- 
tate. Greatest length of tooth along postero-lateral border, 40 mm. ; 
ditto, anlero-lateral border, 30 mm. ; breadth across inner margin, 
2i mm. ; greatest height of antero-lateral border, 8 mm. 

Maxillary posterior teeth subspatulate in outline, strongly from 
within outwards, outer mnrgin strongly inrolled; postero-lateral 
border making a broad curve outward and forward from the obtusely 
pointed posterior angle to point of inrollment, thence to the anterior 
angle the outline is slightly concave; inner margin arched round 
the base of the coronal prominence, and thence nearly straight to 
the anterior border ; antero-lateral border slightly obliquely truncated 
fn)m the inner to the outer angle, and equal to about two-thirds the 
diameter of the tooth along a lino diagonal to the direction of inroll- 
ment across the posterior ridge. Posterior lobe of the crown occu- 
pying little more than one-third the total breadth of the tooth, 
moderately arched transversely, the crest culminating hx front where 
the surface rapidly descends into the narrow furrow defining it from 
the subordinate ridge, which latter presents a nearly uniform con- 
vexity, gradually narrowing from within outward, and, in perfect 
specimens, defined in front by a distinct though slight angulation; 
anterior neck nearly smooth, with a few obscure rugose lines along 
the inner margin, destitute of revolving ridges. Breadth of a medium- 
size tooth between the inner angles, 48 mm. ; breadth of tooth across 
the posterior prominence diagonal to the inrollment, 20 mm. ; length 
along antero-lateral borders, 18 mm. 

Maxillary median teeth forming a triangular plate articulating 
with the posterior tooth by the straight postero-lateral border, the 
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oblique antero-lateral border rapidly converging toward the outer 
extremity, which presents the same degree of inrollment observed 
in the preceding posterior form. Coronal region presenting a series 
of transverse ridges, which individually possess coronal characters 
ascribable to certain forms of IJelodu^, a medium-size specimen 
showing five such coronal ridges, whose longer axes correspond to 
longer diameter of the posterior tooth. The individual ridges rise in 
an even convex surface behind, culminating in an obtuse even crest, 
the outer face moderately concave vertically, and invested in the 
enamel layer, save along the crests, which reveal the relatively 
coarse punctate structure. Breadth of series across inner margin 10 
m m. ; length along posterolateral border 11 m m., corresponding to 
that of the anterior border of the posterior tooth. The proportionate 
dimensions of the individual coronal ridges are represented in the 
illustrations. 

Of the forms above noticed and associated under the same specific 
designation, the collections contain a fair suite of representatives, 
amongst which the teeth referred to the posterior position upon the 
lower jaw are in about double the numbers of those belonging to 
the maxillaries ; while of the small anterior, or median dental series 
of the upper jaw, only a single specimen is known— that discovered 
by Mr. Wachsmuth, at Danville, Iowa. With regard to the latter, 
the resemblance it bears to Helodiis elytra, N. and W., of the same 
geological horizon, creates a suspicion of the specific identity of 
similar Helodus-like teeth with the form here alluded to. The 
original specimen of Uelodus elytra, however, apparently shows a 
series of independent, contiguous teeth, in their relative natural 
position, but with their coronal crests worn down almost even with 
the basal margins, so that it is impossible to determine the coronal 
contour, although, as has been stated, we strongly suspect the form 
is identical with teeth, perfect specimens of which have been de- 
scribed under other designations. The consolidation along the basal 
impingement of the separate teeth is precisely what has been noticed 
in connection with other allied forms of this family, and although a 
matter of biological interest and importance, it should not militate 
against the recognition of the specific identity of series of isolated 
teeth and those that are joined by their bases into a solid dental 
plate, as is the case in the above form. 

The maxillary posterior teeth are seldom preserved entire, and the 
attenuation of the anterior region exhibits unmistakable evidences 
of the excessive attrition these teeth were subjected to during the life 
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posterior angle, and marked above by the narrow enameled fold which 
is defined from the basal portion by a slight channel ; antero-lateral 
border forming a vertical face at the inner angle, gradually sloping 
upward and backward toward the outer extremity, and, save a nar- 
row belt along the inferior edge, enveloped in the enamel fold, which 
is also well defined from the basal rim. Coronal region traversed 
longitudinally by a moderately prominent, transversely arched median 
ridge, the axis of which lies nearest the antero-lateral border, and 
sharply defined on either side by an angulation or narrow groove; 
anterior belt relatively narrow, very faintly arched transversely, or 
nearly plane, and scarcely half the width of the median-lobe; pos- 
terior alation about the same width as the median-lobe, transversely 
concave and merged into the posterior depression from which it 
steeply rises into the produced posterior angle. Surface finely punc- 
tate. Greatest length of tooth along postero-lateral border, 40 mm. ; 
ditto, antero-lateral border, 30 mm. ; breadth across inner margin, 
23 mm. ; greatest height of antero-lateral border, 8 mm. 

Maxillary posterior teeth subspatulate in outline, strongly from 
within outwards, outer margin strongly inroUed; iwstero-lateral 
border making a broad curve outward and forward from the obtusely 
pointed posterior angle to point of inroUment, thence to the anterior 
angle the outline is slightly concave; inner margin arched round 
the base of the coronal prominence, and thence nearly straight to 
the anterior border ; antero-lateral border slightly obliquely truncated 
from the inner to the outer angle, and equal to about two-thirds the 
diameter of the tooth along a line diagonal to the direction of inroU- 
ment across the posterior ridge. Posterior lobe of the crown occu- 
pying little more than one-third the total breadth of the tooth, 
moderately arched transversely, the crest culminating in front where 
the surface rapidly descends into the narrow furrow defining it from 
the subordinate ridge, which latter presents a nearly uniform con- 
vexity, gradually narrowing from within outward, and, in perfect 
specimens, defined in front by a distinct though slight angulation; 
anterior neck nearly smooth, with a few obscure rugose lines along 
the inner margin, destitute of revolving ridges. Breadth of a medium- 
size tooth between the inner angles, 48 mm. ; breadth of tooth across 
the posterior prominence diagonal to the inroUment, '10 mm. ; length 
along antero-lateral borders, 13 mm. 

Maxillary median teeth forming a triangular plate articulating 
with the posterior tooth by the straight postero-lateral border, the 
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oblique antero-lateral border rapidly converging toward the outer 
extremity, which presents the same degree of inrollment observed 
in the preceding posterior form. Coronal region presenting a series 
of transverse ridges, which individually possess coronal characters 
ascribable to certain forms of Hehdus, a medium-size specimen 
showing five such coronal ridges, whose longer axes correspond to 
longer diameter of the posterior tooth. The individual ridges rise in 
an even convex surface behind, culminating in an obtuse even crest, 
the outer face moderately concave vertically, and invested in the 
enamel layer, save along the crests, which reveal the relatively 
coarse punctate structure. Breadth of series across inner margin 10 
m m. ; length along posterolateral border 11 m m., corresponding to 
that of the anterior border of the posterior tooth. The proportionate 
dimensions of the individual coronal ridges are represented in the 
illustrations. 

Of the forms above noticed and associated under the same specific 
designation, the collections contain a fair suite of representatives, 
amongst which the teeth referred to the posterior position upon the 
lower jaw are in about double the numbers of those belonging to 
the maxillaries ; while of the small anterior, or median dental series 
of the upper jaw, only a single specimen is known— that discovered 
by Mr. Wachsmuth, at Danville, Iowa. With regard to the latter, 
the resemblance it bears to Ilelodus elytra, N. and W., of the same 
geological horizon, creates a suspicion of the specific identity of 
similar Helodus-like teeth with the form here alluded to. The 
original specimen of Helodus elytra, however, apparently shows a 
series of independent, contiguous teeth, in their relative natural 
position, but with their coronal crests worn down almost even with 
the basal margins, so that it is impossible to determine the coronal 
contour, although, as has been stated, we strongly suspect the form 
is identical with teeth, perfect specimens of which have been de- 
scribed under other designations. The consolidation along the basal 
impingement of the separate teeth is precisely what has been noticed 
in connection with other allied forms of this family, and although a 
matter of biological interest and importance, it should not militate 
against the recognition of the specific identity of series of isolated 
teeth and those that are joined by their bases into a solid dental 
plate, as is the case in the above form. 

The maxillary posterior teeth are seldom preserved entire, and the 
attenuation of the anterior region exhibits unmistakable evidences 
of the excessive attrition these teeth were subjected to during the life 
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of their possessors. In some specimens, as that discovered by Mr. 
Wachsmuth, the abraded anterior coronal region presents a coarse, 
irregular punctate structure, characteristic of the vaso-dentine com- 
posing the body of the teeth. In mature and much-worn teeth — 
where the enamel and outer subjacent layers have been removed by 
the process of attrition — a similar exposition of the coarse, tubular 
structure is laid bare all round the inner and outer margins of the 
tooth ; m other examples the abrasion has been carried so far as to 
produce a deep channeling of the surface of the posterior prominence 
in the direction of the long, or transverse diameter of the tooth ; 
and in those that preserve the crown surface in a perfect state, the 
enamel along the inner margin, through which the minute, pris- 
matic structure is visible, shows distinct parallel incremental lines, 
more or less sharply impressed, and even reaching well up over the 
crown, producing an irregular, undulated surface, extending alike over 
the posterior prominence and the anterior neck. In well-preserved 
specimens the secondary lobe in front of the principal coronal prom- 
inence is defined with absolute distinctness. The posterior angle 
probably terminated in a more or less produced spur, the enamel 
apparently forming a narrow fold enveloping the superior edge of 
the antero-lateral border, similar to what obtains in corresponding 
teeth of Cochliodus; however, in some specimens this border is slightly 
raised into a low, obscurely-defined marginal ridge. 

The mandibular posterior teeth, also, exhibit much the same 
superficial features due to the various conditions of usage and pre- 
servation as enumerated in connection with the teeth of the opposite 
jaw. The anterior plane-belt is usually merged into the median 
prominence toward the outer margin, the result of wearing down 
of the crown surface; but toward the inner margin the coronal 
contour is well, even sharply defined, the surface enveloped in a 
layer of polished enamel. 

Geolofjical position and localities: Keokuk limestone : Warsaw, Ham- 
ilton, Nauvoo, and Henderson county, (Illinois) ; Keokuk, Danville, 
Bentonsport, (Iowa) ; Boone\'ille, (Missouri). 

Deltoi>tychius Varsoviensis, St. J. and W. 

PI. V. Fiff. 14. 15. 

Mandibular posterior teeth trigonal in outline, apparently strongly 
inrolled at the outer extremity, inner margin very oblique and 
broadly rounded with slight sigmoidal curvature, postero-laterai bor- 
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der rapidly converging toward the outer extremity. Median ridge of 
crown prominent, occupying a nearly central position and well de- 
fined from the relatively wide anterior belt, which latter presents 
the characteristic angulation and abrupt face enveloped for the 
greater part of its depth in the coronal enamel; posteriorly the 
slope of the median ridge descends into the broad depression on 
that side, from which rises the relatively wide posterior expansion 
or alation. Crown surface densely punctate. A specimen below 
medium size measures in greatest length from posterior angle to 
outer extremity about 11.5 m m. ; antero-lateral border about 6.5 
m m. ; breadth at inner margin 8 mm. 

Posterior tooth of upper jaw of the usual spatulate outline, antero- 
lateral border obliquely truncated from inner angle forward to outer 
angle, posterior extremity somewhat produced from which the postero- 
lateral border somewhat rapidly converges toward point of inroU- 
ment. Posterior prominences occupy half, or a little more, of 
the coronal area, secondary lobe about one-third the dimensions 
of the principal ridge, from which it is separated by a deep furrow, 
and well defined in front from the apparently smooth anterior area 
which gradually contracts towards the anterior border. Superficial 
punctation agreeing with that described above. A mature specimen 
measures in greatest diameter across the inner margin 17 m m.; 
greatest breadth across posterior prominence 7mm.; length along 
antero-lateral border 4.5 m m. 

The present species is made known from a single representative 
each of the posterior form pertaining respectively to the upper and 
lower jaws. Neither of these examples is entire, although they 
are sufficiently so to permit of a not unsatisfactory comparison with 
other generically allied forms. The species is most intimately allied 
to that occurring in the St. Louis formation, Deltoptychius expansus; 
especially is this relationship apparent in the close resemblance that 
exists between the maxillary posterior forms of the two species. It 
differs, however, from the latter species in a marked degree in re- 
spect to the coronal contour of the mandibular posterior teeth, 
which shows the median ridge well developed and defined from the 
narrow belt in front and the much greater obliquity of the inner 
margin of the tooth. 

Geological position and localities : From characteristic strata of the 
Warsaw formation; Clifton, above Alton, and Golden Bluffs near 
Warsaw, Illinois. 

-7 . . 
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Dbltoptychius expansus, St. J. and W. 

PL V. ¥lg, 9. IS. 

Poeterior teeth of the mandibles, trigonal in general outline, outer 
extremity strongly inroUed, relatively broadly expanded posteriorly, 
and broadly arched along the inner margin with sigmoidal curvature 
in passing to the posterior extremity of the strong wing expansion^ 
Anterolateral border slightly curved sigmoidally, moderately deep, 
the greater portion of the vertical face being covered by the coronal 
enamel and making a well-defined angulation above; postero-lateral 
border rapidly converging toward the extremity, basal portion pro- 
jecting somewhat beyond the narrow and prominent fold limiting 
the coronal surface, and more or less produced posteriorly. Coronal 
surface showing a broad, deep posterior depression, which, together 
with the alate border, constitutes half the lateral diameter of the 
tooth ; median lobe relatively narrow, generally obscurely defined in 
front from the narrow anterior plane belt with which it is usually 
merged over the greater extent of the outer surface. Length of a 
medium-size tooth along antero-lateral border 8 mm.; breadth at 
inner margin 8.5 mm. 

Posterior tooth of the upper jaw in outline spatulate, terminating 
posteriorly in an eccentric sharply rounded spur, antero-lat€^l bor- 
der obliquely truncated from inner angle outward and forward. Cor- 
onal prominence comprising nearly two-thirds the transverse diameter 
of the tooth, posterior lobe moderately convex transversely, subor- 
dinate lobe relatively broad and prominent, anterior area smooth, 
and narrowed toward the antero-lateral border. Surface minutely 
and closely punctate, in the same manner observed in the opposed 
teeth. Greatest transverse diameter of a medium-size tooth about 
12 mm. ; greatest diagonal breadth across the posterior prominence 
5 mm. ; length along antero-lateral border 4.5 to 6 nmi. 

Of other dental forms occurring with the above described teeth, 
none have been recognized as probably specifically identical. In 
superficial coronal characters, as the punctation and appearance of 
the enamel layer, the two forms above noticed possess most inti- 
mate characters in common, so that, notwithstanding the fact that 
all the material in our possession consists of isolated teeth, little 
doubt is entertained as to their having constituted parts of the 
dentition of the same species. 

Compared with the Keokuk species, D. Wachsmuthi, the present 
teeth present well-marked differences which serve to distinguish them 
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specifically. The mandibular posterior teeth are proportionately 
shorter from within outward and wider across the inner margin, and 
the median-lobe perhaps less well defined from the narrow anterior 
belt; while the opposed tooth of the upper jaw has the secondary 
lobe relatively much more strongly developed and the coronal prom- 
inence occupying a greater portion of the crown surface. 

The state of preservation of these diminutive teeth, especially in 
the instance of those pertaining to the mandible, is extraordinary^ 
But of the maxillary teeth the collections afford few examples, and 
these are without exception mutilated at the antero-lateral border, 
in consequence of the extreme although not^disproportionate attenu- 
ation they undergo in that region. 

Geological position and localities : St. Louis limestone ; Alton and 
Monroe county, 111.; Pella, Iowa; St. Louis, Mo. 

Deltoptychius nitidus, (Leidy, sp.) 

PL V. Flfl:. 16. 
Cochliodns nitidus, Leidy. 18&6. Trans. Am. Phil. Soo., xi, p. 87. PI. v, f. 2. 

The present species was originally described by Dr. Leidy, from a 
large-sized specimen of the x>osterior tooth of the left ramus of 
the lower jaw, which was obtained at Chester, in this State. The 
teeth are massive, and strongly built, triangular in outline, pos- 
tero-lateral border rapidly converging toward the outer extremity, 
inner margin broadly curved round the base of the median prom- 
inence, antero-lateral border nearly straight, relatively short, the 
enamel fold extending well down over the abrupt face. The basal 
portion along the postero-lateral border, in a mature individual like 
the type noticed by Dr. Leidy, extends in a conspicuous rim beyond 
the well-defined enamel fold, terminating in a strong, bony spur, 
posteriorly, and reaching the point of strong inroUment, where it pre- 
sents the usual channeled condition. The crown is strongly arched 
from within outward, median lobe embracing about half the lateral 
diameter of the crown, usually prominently arched transversely, a 
slight angulation defining it from the narrow anterior belt, the slope 
behind descending into the posterior depression, which is bordered 
by the relatively narrow alation. A medium-sized tooth measures, 
along the postero-lateral border from the posterior angle to point 
of inroUment, 12 mm. ; length along antero-lateral border, 7.5 
mm. ; breadth across inner margin, 10 mm. 

The collections contain examples of maxillary posterior teeth, from 
the same deposits and localities, associated. with the above described 
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teeth, which probably belonged to the same Bpecies. The latter, 
however, are in so worn and mutilated a state of preservation as 
not to exhibit details beyond mere outline, by which they may be 
satisfactorily compared with other specimens of the same form. 

The loan of the type was kindly procured us by Dr. Leidy, a 
careful comparison of which with the material before us leaves not 
the least doubt as to their specific identity. The species, as repre- 
sented by the posterior teeth of the mandible, is intimately allied to 
D. expansuB, of the St. Louis limestone, being chiefly distinguished 
by its more robust figure, stronger inroUment, and narrower pos- 
terior alation. The majority of the examples of this form exhibit 
traces of excessive coronal abrasion, which in some instances has 
leveled the median prominence, destroying its definition from the 
plane anterior belt, in which latter condition the individuals bear 
deceptive resemblance to the homologous teeth of Orthopleurodus, 

Geological position and locality: Chester limestone ; Chester, HI. 

Genus STENOPTERODUS,^ St. J. and W. 

Teeth, probably occupying a posterior position on the upper jaw, 
distinguished by their long-elliptic outline, strongly arched and spiral 
inroUment of the outer extremity. Crown traversed by a posterior 
prominence or lobe in the direction of inroUment, more or less well- 
defined from the anterior area, which presents a plane surface, 
without prominent revolving or longitudinal folds; posteriorly, the 
crown is well defined from the base by the inbeveled enamel fold, 
beyond which the basal rim usually more or less projects, often 
terminating in a strong posterior process, and* forming, in well- 
preserved specimens, a deep border toward the inner margin, becoming 
less conspicuous outwardly ; anteriorly truncate, usually more or less 
obliquely so from the inner angle outward and backward to point of 
inroUment (though sometimes outward and forward from an obtuse 
inner angle), the shallow enamel fold inbeveled and defined by a 
narrow sulcus from the base. Surface of crown in perfect state 
covered by a dense enamel-like, glossy coating, through which the 
tubular structure presents a delicate papillose appearance; worn 
surfaces minutely and densely pitted by the exposed extremities of 
the medullary tubes; vaso-dentine of base coarse, inferior surface 
of the dense inferior layer irregularly striated in the direction of 
inroUment. 



Note. I. Stenot*, narrow: pteron, wing; odomt, tooth. In allusion to the narrow 
dh^Qi^ 9i j*^^? imindibalar posterior tooth 
•••• ••_ M • • 
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The above diagnosis applies to a certain form of teeth well rep- 
resented in the collections from various Lower Carboniferous 
formations, and which is homologous with the long posterior teeth 
of the upper jaw, formerly embraced under the generic term Strehhdus^ 
Agass. Since it is now a well established fact that the latter form 
formed part of the dental armament of the jaws of the same fish 
that bore the teeth represented by the original form of Cochliodus, 
Agass., there can scarcely arise a question as to the position the 
present form held upon the jaw. 

It may, perhaps, be deemed premature at the present time to 
attempt the identification with the above form of other and asso- 
ciate teeth from amongst the detached dental remains of Cochlio- 
donts, alone contained in the collections; but there are certain 
forms whose occurrence and intimate association in the same de- 
posits with that above noticed, strongly suggest their congeneric 
relations and specific indentity. Thus, there are found teeth which, 
possessing the general characteristics attributed to the large posterior 
teeth of the mandible of Cochliodm, may be especially characterized 
by their more trapezoidal outline, posterior position of the median 
lobe, narrow posterior alation, and the relatively broad flat area of 
the neck or anterior portion of the coronal region. The latter form 
is further distinguished by the greater or less obUquity of the out- 
ward and backward course of the antero-lateral border, which, 
together with the posterolateral border, presents the same condition 
of narrow, rounded, inbeveled enamel fold and channeled basal rim 
observed in connection with the opposite maxillary teeth, with which 
they also agree in the degree of inroUment and longitudinal convex- 
ity of the coronal region. The neck or anterior area is neatly plane 
or faintly swollen transversely, sometimes with a slight depression 
near to and parallel with the antero-lateral border. The posterior 
alation is narrow and separated from the median lobe by a compar- 
atively narrow depression. The inner margin is moderately concave 
in passing the posterior depression, broadly arched round the base 
of the coronal prominence, and thence to the anterior angle more 
gently curved or nearly straight. The relative proportions of the 
teeth are laterally narrower and stouter than the maxillary posterior 
form. 

There are associated with the two most numerously represented 
species of the genus a form of teeth, which from their general 
appearance and apparent identity of coronal structure, we have pre- 
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sumed to identify with the mandibular median form of the present 
genus. The latter teeth are subrhombic or trapezoidal in outline, 
with a nearly straight posterolateral border, and longer and more 
obhquely converging opposite border, defined by the same style of 
enamel fold and basal rim, characteristic of the previously men- 
tioned forms ; the coronal region presents a broad, nearly plane 
surface, gradually culminating near the posterolateral borders in a 
depressed, obscurely defined ridge, where the slope to the border on 
the one hand is abrupt, and on the other very gentle, the inner 
margin gently arched and somewhat rapidly deflected to the obtuse 
posterior angle. 

The genus as now understood is represented by species beginning 
in the Upper Burlington limestone, and in each succeeding forma- 
tion of the Lower Carboniferous period, the latest authentic occur- 
rence being in the St. Louis limestone. 

Stenopterodus planus, St. J. and W. 

PI. IV, Fig. 9-14. 

Represented by two forms of teeth below medium size, presumably 
occupying corresponding positions on opposite jaws. 

Posterior teeth of the upper jaw sub-rhomboidal in outline, rather 
strongly inroUed and arched longitudinally. Antero-lateral border 
slightly oblique in its forward and outward course, basal rim ap- 
parently shallow, and defined from the narrow enamel fold by a 
shallow groove ; postero-lateral border converging at an angle of 
about 25° with the opposite border, the basal rim somewhat thick- 
ened and produced beyond the limits of the narrow, inrolled enamel 
fold, inner margin broadly arched with a shght angulation near the 
middle in passing the base of the coronal prominence, in front of 
which a sharp, slight constriction occurs, the inferior edge in beveled 
in the worn condition; posterior extremity forming a sub-acute 
angle, the margin making an obtuse angle with the anterior border. 
Coronal prominence comprising more than half the lateral area of 
the surface, culminating in a low, rounded crest near the median 
line, with an abrupt slope to the anterior neck, defined by an in- 
tervening shallow groove, the posterior broad slope very gently and 
faintly depressed transversely; the anterior neck somewhat rapidly 
narrows to the antero-lateral border, is gently convex transversely and 
marked by faint, longitudinal plicae. The whole outer third or more 
of the crown surface presents an even, smooth, triturating area, the 
result of wear, exposing to view the minute, regular punctae, which 
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QBually show marked tendency to elongation in the direction of the 
inrollment of the tooth; the inner surface shows a dense layer of 
enamel with fine lines of growth parallel with the inner margin. 
Greatest transverse diameter of the tooth, 20 mm. ; length along 
anterolateral border, 6.5 m m. ; greatest longitudinal diameter, 10.5 
mm. 

Posterior tooth of the mandible sub-quadrangular in outline, rather 
strongly inrolled and longitudinally arched ; corresponding in size with 
the previously-noticed form. The moderate and regular arching of 
the inner margin interrupted by the ^ broadly-rounded base of the 
coronal prominence; antero-lateral border with a slight oblique 
course outward and backward, enamel fold relatively deep and in- 
beveled to the shallow, channeled basal rim; postero-lateral border 
very gradually converging, making an angle of 10*^ or 15° with the 
opposite side, the narrow enamel fold well defined from the basal 
portion, which forms a shallow rim projecting considerably beyond 
the limits of the crown. Median prominence regularly and broadly 
arched transversely, culminating a little posterior of the median 
line, and occupying quite half of the lateral diamet^ of the crown ; 
posteriorly, the slope merges into the shallow concavity bordered 
exteriorly by the gently-upraised alation, in front defined by a faint 
angulation from the wide, slightly convex belt intervening between 
the median lobe and the antero-lateral border. The surface of the 
anterior belt is marked by faint, revolving plicaB, and along the 
inner margin the enamel coating shows more or less distinct parallel 
undulations, or lines of growth, the outer half of the coronal surface 
exhibiting the usual evidences of excessive trituration, the entire 
coronal area minutely and closely punctate, the punctse showing the 
longitudinal elongation precisely after the manner observed in con- 
nection with the opposed maxillary teeth. Breadth across inner 
margin, 17 mm. ; longitudinal diameter along the axis of median 
lobe, 9.5 mm; length along antero-lateral border, 7 mm. 

The two forms of teeth described above are represented in equal 
numbers in the collections, and their uniform association and agree- 
ment in size and superficial characters preclude any doubt as to 
their specific identity. As commonly occurs in the teeth of this 
family, in consequence of the attenuation of the borders, seldom is 
a specimen met with showing the antero-lateral border entire, and 
indeed in the majority of examples of the mandibular form the 
posterior wing or alation is also mutilated or broken away. 
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Teeth supposed to represent the median form of the mandibles^ 
small, trapezoidal in outline, strongly arched from within outward. 
Postero-lateral (?) border nearly straight, with slight obliquity in 
its outward and slightly forward course, basal portion evidently 
shallow, channeled, and defined above by the relatively strong, 
rounded enamel fold; antero-lateral or oblique border converging 
from the sub-acute inner angle to point of inroUment at an angle 
of about 20° with the opposite border, the strong, rounded enamel 
fold projecting beyond the comparatively shallow, channeled basal 
rim; inner margin somewhat abruptly rounded from the obtuse 
posterior angle, thence nearly straight to the anterior angle, usually 
inbeveled inferiorly. Coronal surface showing a wide, gently depressed 
acclivity very gradually rising from the antero-lateral border culmi- 
nating in a rounded ridge, the posterior slope of which abruptly 
descends to the postero-lateral border fold, from which it is defined 
by a narrow parallel depression. The latter feature may become 
obsolete in worn specimens — indeed the whole outer half of the 
coronal surface usually bears evidences of excessive wear from use. 
The inner margin of the crown preserves the enamel coating, through 
which the somewhat irregular orifices of the tubular structure are 
distinctly discernible, worn surfaces showing a fine pitted structure 
with the longitudinally elongate punctsB exactly as remarked in 
the before mentioned forms. A medium sized tooth measures in 
greatest diameter between the inner angles 7.5 mm; length along 
postero-lateral border to point of inroUment nearly 4 mm. 

In assigning the last above described form to Stenopterodu^, we 
have been guided chiefly by the marked resemblance of the surface 
punctation to that observed in the posterior forms of the upper and 
lower jaws with which it is associated in the same deposits. But 
while the above forms are represented by several individuals each, 
the collections contain only three examples of the present form, and 
two of these are proportionately much smaller than any of the 
examples of the mandibular posterior teeth with which it is sup- 
posed this form was specifically associated; but Mr. Springer's col- 
lection contains a single^ imperfect specimen of a larger individual 
which corresponds in relative size to the ordinary dimensions of the 
mandibular posterior teeth. 

In general outline and coronal contour these teeth bear some 
resemblances in common with the forms provisionally identified with 
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the mandibular median teeth of Sandalodus, etc. They are, how- 
ever, in this case distinguishable by the abrupt posterior declivity 
of the coronal prominence and its distinctly defined border fold of 
that side. 

Geological position and localities: Upper Burlington fish-bed ; Bur- 
lington, BuflBngton Creek, Augusta, Pleasant Grove, Iowa; Quincy, 
Honey Creek, Henderson county, Illinois. 



Stenopterodus, sp. ? 

PI. IV, Fig. 15. 16. 

Posterior form of the upper jaw below medium-size, sub-elliptical 
or spatulate in outline, moderately arched, longitudinally and strongly 
inroUed along the outer margin. Antero-lateral border compara- 
tively short, with slight obliquity outward and forward; postero-lat- 
eral border gently arched, and rapidly converging from the acutely 
rounded posterior extremity toward point of inrollment, making an 
angle of 30^, more or less, with the anterior border; inner margin 
gently and regularly arched, inbeveled inferiorly. Coronal region 
presenting a low prominence, the obscurely defined axis culminat- 
ing about the middle of the tooth, flanked on one side by the wide, 
nearly plane slope descending to the postero-lateral border, on the 
other by a narrower, perceptibly steeper declivity, which merges 
into the relatively narrow, plane anterior neck. Surface minutely 
and closely punctate, the punctae showing quite regular disposition 
in parallel longitudinal lines. Breadth across inner margin 14 mm. ; 
length of antero-lateral border about 4.5 mm. Mandibular posterior 
tooth proportionately corresponding with the opposed maxillary 
form, trapezoidal in outline, rather strongly arched and inrolled. 
Inner margin somewhat strongly arched round the base of the cor- 
onal prominence, moderately so to the anterior angle, and slightly 
concave in passing the posterior depression toward the extreme 
angle; lateral borders not definable. The coronal ridge is strongly 
convex transversely, occupying apparently quite half the lateral area 
of the crown, posterior depression well marked and regularly con- 
cave transversely, the anterior belt defined by a faint angulation, 
apparently plain. Surface punctation precisely as observed in 
connection with the maxillary posterior form, the punctse being 
slightly compressed laterally, emphasizing the linear longitudinal 
arrangement. 



106 PALiEONTOLOGY OF ILLINOIS. 

The above diagnoses are based upon unique examples in each 
instance, the former preserving scarcely more than the outline and 
the excessively worn superficial contour, the latter showipg only the 
central portion of the tooth, the mutilated borders not displajring 
the outline of the tooth. They furnish a singular instance of the 
paucity of certain fish-remains in the collections from a formation 
which has yielded rich and varied materials pertaining to allied 
genera. The teeth certainly, so far as it is possible to carry the 
comparison, ofiFer striking resemblance to the corresponding forms 
occurring in the superjacent Warsaw limestone, Stenopterodtis elon- 
gatusy in outline, apparently coronal conformation, and the character 
and disposition of the punctae. We should, therefore, be prepared 
to recognize their specific identity with the latter forms were the 
characters noticed , in connection with the sole examples as yet 
known to us from the Keokuk horizon, shown to be persistent and 
normal in even a small suite of perfect specimens. 

Geological position and locality : Keokuk limestone, fish-bed ; War- 
saw and Hamilton, Illinois. 

Stenopterodus elongatus, St. J. and W. 

PI. IV, Fig. 1-3. 

Maxillary posterior teeth small, elliptical in outline, considerably 
arched and strongly inrolled along the outer margin. Course of 
antero -lateral border nearly at right angles to the transverse axis of 
the tooth, opposite border gradually converging from the obtusely- 
pointed extremity toward point of inroUment, neither border 
sufficiently well preserved to show details of enamel fold and basal 
rim. Coronal prominence relatively very broad, or occupying two- 
thirds the lateral diameter of the tooth, abruptly beveled along the 
postero- lateral border, broadly and regularly arched transversely, 
culminating anteriorly where it is defined by a slight declivity hav- 
ing a very oblique course toward the outer extremity ; anterior area 
relatively narrow, quite smooth, plane, and nicely rounded in a 
narrow fold along the border, which is defined by a narrow sulcus 
from the shallow basal rim. Coronal surface minutely and finely 
punctate, the punctaB exhibiting a somewhat marked tendency to 
linear longitudinal disposition, and in mature examples the enamel 
shows distinct parallel lines of growth following the broadly rounded 
curvature of the inner margin. Greatest diameter of a small-size i 
tooth, 15 mm. ; greatest diagonal breadth near middle, 6 mm. ; 
length along antero-lateral border, 4 mm. 
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Posterior tooth of the lower jaw known ofaly from very imperfectly 
preserved examples, which, however, shows a rather prominent and 
regularly arched median lobe, situate" nearly centrally, with appar- 
ently well-developed posterior wing, nearly equalling in breadth the 
plane anterior area. 

The above described species is represented in the collections by 
only a few examples, and in only two exceptions are the complete 
outline and coronal contour shown. From these we are led to 
recognize distinctive peculiarities that readily distinguish the teeth 
from congeneric forms previously noticed, with the exception in 
favor of the possible identity of the Keokuk forms with the present 
species. 

Geological position and locality : Warsaw limestone ; Golden Bluffs, 
near Warsaw, Illinois. 

Stenopterodus pabvulus, (N. and W. sp.) 

PI. IV. Plfl:. 4-8. 

Sandalodus parvulus (in part), Newberry and WorthoQ, 1866, 111. Geol. Sarv., II, p. 102. 

PI. X, f. 1. 

The recognition of the above cited species was based upon a 
unique, nearly perfect tooth, representing the posterior form per- 
taining to the upper jaw. The specimen is mutilated along the 
outer margin in front, the inroUed extremity being broken away. 
The figure, however, conveys a very inadequate impression of the 
coronal contour, the engraving exaggerating the accidental features 
traceable to attrition at the expense of the natural contour surfaces. 
The specimen exhibits the posterior lobe of the crown, gradually 
culminating anteriorly, where it is suddenly broken down and defined 
by a slight depression from the plane anterior area with which it 
merges in the middle outer region of the coronal surface, where the 
tooth has been subjected to excessive attrition while in use. In the 
outward and forward obliquity of the antero-lateral border, also in the 
distinct definition of the shallow enamel fold along the still more 
oblique and gently arched postero-lateral border, where the basal 
portion forms a prominent rim, reaching to the point of inroUment, 
the original figure above cited conveys a more accurate jdea of the 
form. 

« 

The acquisitions of Mr, Van Home include a beautiful series of 
the above mentioned teeth, with which are associated, equally nu- 
merous, another form, which we have come to regard with a strong 
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degree of probability as pertaining to the mandible of the species. 
The latter teeth exhibit in a marked degree homologous relationship 
to Cochliodus, possessing the same general outline and coronal con- 
tour distinguishing the large posterior teeth of the mandible of that 
genus, characterized, however, in accordance with the distinctive 
peculiarities appertaining to the present genus. The latter form 
is trapezoidal in outline, and in the arching and inrollment of 
the tooth it agrees with the opposed form; posterior wing narrow, 
basal rim extending conspicuously beyond the limits of the shal- 
low, rounded, inbeveled enamel fold; median lobe situateda a little 
posterior of the middle, broadly and regularly arched transverse- 
ly, culminating in a tumid crest, the slope on the one hand 
merging into the posterior depression, on the other defined by a 
slight angulation from the anterior area, which presents a broad 
plane or gently-convex surface, with faint impressed furrow near 
the border and nearly equal in breadth to the median lobe; an- 
tero-lateral border quite obliquely truncated outward and back- 
ward from the sub-acute inner angle ; the inner margin is gently 
arched between the angles, somewhat more strongly arched around 
the base of the median prominence, and slightly deflected on nearing 
the posterior extremity. The external enamel coating investing the 
inner portion of the crown shows distinct lines of growth parallel 
with the inner margin, the worn surface regularly and minutely 
punctate, precisely after the manner observed in the opposite teeth 
of the upper jaw. 

A medium-size posterior tooth of the upper jaw measures, in 
transverse diameter across the inner margin, 12.5 mm. ; length 
along antero-Iateral border to point of inrollment, 4 mm. ; greatest 
diameter diagonal to the longitudinal axis, 5.5 mm. A large-sized 
mandibular posterior tooth measures, across the inner margin, 15.5 
mm. ; length along antero-Iateral border, 7 mm. ; longitudinal di- 
ameter, at middle 9 mm. 

Mr. Van Home's collection contains a single minute specimen 
of a tooth which clearly belongs to the form which we have 
already recognized from the Upper Burlington fish-beds, from ex- 
amples in the collection of Mr. Springer, and which is referred 
to the mandibular medium form of Stenopterodus. The present tooth 
presents the same resemblances in surface punctation, as compared 
with the posterior forms of S, parvidus, as in the former instance 
was noted in connection with this form and S. planus. The latter 
specimen attains a breadth across the inner margin not exceeding 
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3.5 mm., and length along the straight postero-lateral border about 
2 mm. Trapezoidal in outline, it is relatively broader than the 
Upper Burlington teeth of the same form ; the postero-lateral border 
shows a slight forward obliquity in its outward course, basal portion 
exceedingly attenuated; antero-lateral borders converging toward 
point of inroUment at an angle of about 30° with the opposite 
border, too imperfect to show the character of the basal rim be- 
neath the narrow, enamel fold; inner margin very gently arched 
from the anterior angle, and abruptly rounded to the obscure, pos- 
tero-inner angle. Crown presenting a broad, faintly-depressed slope, 
culminating in a low ridge closely bordering the postero-lateral side, 
to which it is abruptly sloped and merged into the distinctly-defined, 
narrow, marginal fold. Coronal punctation relatively coarse and closely 
arranged, very similar to that observed in the mandibular and max- 
illary posterior teeth. 

The specific relations of the above described form are, of course, 
only inferentially determined. It might appear to be an anomalous 
state of things, especially in view of the fact that the mandibular 
and maxillary posterior forms of the species to which it is pro- 
visionally attributed occur in comparative numbers, the latter form 
should be represented by a unique example. But the small size of 
the teeth, and their thin, scale-like fragility, may in part, at least, 
account for their rare preservation and infrequency in collections. 

Geological position and localities : St. Louis limestone ; Alton and 
Monroe county, (Illinois) ; St. Louis, (Missouri), and Pella, (Iowa). 

Genus CHITOXODUS, St. J. and W. 

Teeth representing the various forms characteristic of the genera 
of Cochliodonts, 

Mandibular posterior teeth trapezoidal in outline, strongly to mod- 
erately arched in the direction of inroUment. Antero-lateral border 
generally but slightly oblique to a line projected between the ante- 
rior and posterior angles of the inner margin, basal portion chan- 
neled, continued downward and outward into a thin marginal rim, 
bordered above by the narrow, inbeveled fold of coronal enamel; 
postero-lateral border converging toward outer side or point of inroU- 
ment at a moderate angle, basal portion expanded into a thin rim 
projecting a greater or less distance beyond the coronal border and 
terminating in the more or less produced spur of the posterior 
angle, in front similarly channeled and defined above by the rounded 
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enamel fold as observed in the opx>08ite border ; inner margin most 
strongly arched backward in passing the base of the prominent 
median lobe of the crown, with deep, broad sinus or deflection in 
the region of the posterior alation, in general presenting a moderate 
sigmoidal curvature, inferior edge usually inbeveled, though origin- 
ally, or when entire, continued downward in a nearly vertical basal 
wall; outline of the outer inrolled margin the reverse of that last 
described. Coronal region presenting a principal or median ridge 
culminating near the middle of the crown, the anterior slope mode- 
rate and uniform to the angulation or slight depression defining the 
very narrow belt skirting the antero-lateral border; the posterior 
slope more abruptly descends into the broad depression in that 
flank, whence arises the prominent posterior alation. Coronal sur- 
face further marked by subordinate revolving ridges and furrows 
variable in disposition and distinctness of definition, also ornamented 
by delicate transverse rugae or reversed imbrications disposed in 
more or less parallel order conforming to some degree with the 
direction of the miner margin, though subject to interruption by 
implantation and bifurcation, also obsolete or variable in occurrence 
in species and individuals ; otherwise the surface presents the punc- 
tate structure common to allied genera. Inferior surface, enveloped 
in the dense homogeneous layer, smooth or faintly striated longi- 
tudinally, repeating in a less marked degree the coronal contour. 

Median teeth of mandibles relatively narrow, trapezoidal in out- 
line, arched and strongly inrolled longitudinally; postero-lateral 
border conforming to the articular border of the posterior form and 
constituting the longer side of the tooth, antero-lateral border grad- 
ually converging toward the outer extremity, both borders showing the 
channeled basal portion bordered above by the narrow inbeveled 
enamel fold, inner margin obliquely rounded from the posterior to 
the anterior obtuse angle. Coronal surface occupied by a more or 
less prominent ridge situated nearest the postero-lateral border, on 
wliich side the declivity is abrupt, and defined by a narrow subor- 
dinate lobe immediately along the border, opposite side more grad- 
ually sloping towards the antero-lateral border, which is similarly 
margined by a narrow ridge with intervening shallow furrow. Sur- 
face ornamentation the same as noted in connection with the pos- 
terior terminal form. 

Maxillary posterior teeth subquadrilateral in general outline, mod- 
erately arched and strongly inrolled along the outer margin. Antero- 
lateral border slightly oblique to the general course of the inner 
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margin, basal portion channeled and produced downward and out- 
ward in a thin rim, defined above by the narrow inbeveled enamel 
fold ; posterolateral border converging toward point of inrollment 
somewhat more rapidly than in the case of the opposed mandibular 
teeth, with which it bears much the same characters in respect to 
the basal portion and enamel fold along the upper edge; inner 
margin most arched round the base of the posterior coronal lobe, in 
front of which it is more or less deflected inward and forward, 
thence gently arching round the anterior prominence to the obtuse 
anterior angle. Coronal region divided into two principal revolving 
elevations, of which the posterior one is much the most prominent, 
occupying about half the lateral diameter of the crown, the broader 
slope rising from the postero-lateral border and culminating nearer 
the anterior side, with a more abrupt slope descending to the median 
depression; the latter presents a broad transversely more or less 
concave area, the surface rising anteriorly into the more or less 
well-defined anterior prominence, thence the slope descends to the 
antero-lateral border. The coronal surface is further marked by 
more or less distinct, though generally obscure and sometimes obso- 
lete subordinate revolving ridges and furrows which are chiefly 
noticeable in the region of the anterior prominence, though some- 
times present in the median depression and the long slope of the 
posterior prominence; more or less distinct transverse rugae dis- 
posed in the same manner noticed in connection with the mandi- 
bular posterior teeth, occur, producing an elegant imbricated orna- 
mentation in the individuals thus distinguished. The latter super- 
ficial feature is, however, obsolete in some species, and which is 
equally applicable to all the other forms of certain species of un- 
doubted congeneric relationship. 

In regard to the character of the teeth occupying the extremities 
of the jaws, we can little more than conjecture their identity. 
Amongst the numerous examples of transversely elongate teeth 
which were originally disposed in serial order, and which are recog- 
nized under various generic appellations which in themselves con- 
stitute well-defined groups, there are possibly included forms which 
may have been associated with the teeth under present considera- 
tion. 

The generic relations of the forms embraced under the above 
designation are most intimate with Cochliodus, Agass. Indeed they 
differ chiefly in the less well defined differentiation of the coronal 
regions, while in Cochliodus these parts are sharply limiteji, th^ ^ 
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species being chiefly distinguishable by diflFerences in proportions. 
The absence of transverse inigsB may be deemed . of greater than 
specific importance. The genus, however, presents in the ensemble 
of its specific forms and the within bounds somewhat diverse char- 
acteristics, features which indicate for it an important position at 
the head of this particular group of the family, and from which 
Cochliodus was probably an ofiF-shoot at a later date. It embraces 
besides the Burlington forms, species occurring in the Keokuk for- 
mation described under the terms Cochliodus latus, Leidy, {Cochlio- 
dus nobiliSy N. and W.) Pcecilodus ru(josus, N. and W., (including 
P. ornatus, N. and W.), etc. We are not aware of the existence of 
later representatives than those above enumerated from the Keokuk 
formation and a single species from the St. Louis, the Chester 
species belonging to typical Cochliodus. 

Were we in possession of sufficiently complete materials to con- 
clusively demonstrate the relations of the species characterized by 
the presence of the transverse imbrications or rugse, and those in 
which the coronal surface is simply marked by more or less subor- 
dinate revolving furrows and ridges, it might be found that these 
constitute two distinct groups more or less well defined one from the 
other. In that event Cochliodus latus would naturally fall into the 
group represented by the primitive Burlington species Chitonodus 
antiquum; while on the other hand, the Keokuk "Poecilodus rugosus^* 
would remain in association with the species here first described 
under Chitonodus Springeri. 

Chitonodus Springeri, St. J. and W. 

PL VI. Fig. 3-15. 

Mandibular posterior teeth trapezoidal in outline, strongly in- 
rolled. Antero-lateral border with a slightly oblique course outward 
and forward, of moderate height, coronal enamel forming a narrow 
band abruptly folded over the edge and inbeveled to the channeled, 
closely pitted basal portion; postero-lateral border converging to- 
wards poiat of inrollment at an angle of about 50° with the 
opposite side, corona) enamel forming a well-marked rounded fold 
along the upper edge of the channeled basal portion; inner margin 
making a right angle with the antero-lateral border, gradually pro- 
duced backward from the obtuse anterior angle and sharply curved 
round the base of the coronal prominence, with a corresponding 
deep sinuation in passing the posterior depression into the subacute 
posterior extremity, usually inbeveled. Superficial characters pro- 
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nouQced and quite persistent in their uniformity. Median ridge 
rising into a rather sharply rounded crest nearly median in posi- 
tion, the anterior slope moderate and slightly concave transversely, 
terminating in a shallow depression bordered by a very narrow fold 
immediately along the antero-lateral border; posteriorly the surface 
abruptly descends into the depression on that side, whence the 
alate expansion gradually rises with slight transverse concavity into 
the moderately elevated postero-lateral border. The coronal surface 
is quite regularly marked by transverse rugae parallel with the 
inner margin, the interspaces nearly a millimetre in breadth and 
rising from below upward producing a reversed imbricated appear- 
ance. The ornamental rugsB are most distinct over the depressed 
areas; in the more elevated exposed portions of the surface they 
are usually obsolete; however, there are traces of their presence 
o\er the entire area of the coronal region. The punctate structure 
presents the usual appearances associated with teeth whose coronal 
surface is traversed by transverse ridges and furrows, the punctaB 
being elongated usually in the direction of inrollment along the 
transverse folds; exfoliated and worn surfaces showing a relatively 
minute, crowded punctation. Transverse diameter at the inner 
margin of a medium-size tooth 20 mm. ; length of antero-lateral 
border to point of inrollment 10.5 mm. 

Mandibular median tooth of proportionate size in relation to the 
posterior form, trapezoidal in outline, elongated in the direction of 
inrollment. Postero-lateral border nearly straight, opposite border 
converging toward the outer extremity at an angle of about '20^, 
inner margin very oblique with a slight sigmoidal curvature from 
the sharply rounded posterior angle to the obtuse anterior angle. 
Coronal ridge situated posterior of the median line, of moderate 
prominence and breadth, posterior slope abinipt and deep to the 
narrow furrow close along the postero-lateral border, over which the 
coronal enamel forms a narrow inbeveled fold; anterior declivity 
nearly equally steep but of less depth, defined by a rounded angu- 
lation whence the surface more gently descends with slight trans- 
verse convexity to the antero-lateral border just within which lies a 
shallow parallel furrow recalling that adjacent the articular border 
of the terminal tooth. Along the posterior border and over a large 
part of the anterior slope the surface preserves the parallel, rarely 
bifurcating transverse rugiB, conforming to the direction of the inner 
margin, and spaced as previously noted in relation to the last 
described form, with which the general character of the surface 
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punctation also agrees. The present form is represented by half a 
dozen or so imperfect specimens, which, while they are readily 
recognizable, are insufficient for comparative measurements showing 
their proportionate dimensions, — a mature example having a trans- 
verse diameter across the inner margin of 12.5 mm. 

Maxillary posterior teeth corresponding in dimensions with the 
posterior form of the mandible, presenting the general outline 
ascribable to this form, moderately arched longitudinally and strongly 
inrolled along the outer margin. Antero-lateral border slightly 
oblique to a right line connecting the inner angles, presenting a 
channeled basal rim defined above by the narrow inbeveled fold of 
coronal enamel ; posterolateral border approaching point of inroll- 
ment at an angle of 6(f, and less, to the opposite border; inner 
margin broadly arched round the base of the posterior lobe, in 
front of which it is sharply contracted and thence continued in a 
slightly concave course to the anterior prominence, round which it 
makes a broad curve terminating in the obtuse anterior angle. The 
definition of the anterior and posterior regions of the crown is 
marked; posterior lobe occupying apparently less than half the 
lateral diameter of the tooth, broad posterior slope gently and 
regularly arched transversely, in front steeply sloping from the 
sharply rounded crest to the angulation forming its anterior limit ; 
the surface of the relatively wide depressed median belt gently 
rises into the summit of the anterior lobes, which latter usually 
presents a more or less well-defined, narrow, rounded ridge, some- 
times two or more obscure ridges, in part occupying the moderately 
abrupt slope along the anterolateral border; in some examples 
faint revolving ridges extend over the depressed median belt, and 
in others obscure impressed lines may be traced in the wide slope 
of the posterior lobe. In the perfect state the entire coronal sur- 
face was occupied by transverse rugae parallel with the inner 
margin and more or less so to one another, though in the latter 
respect exhibiting considerable variation in the broken continuity, 
bifurcation, and implantation of the rugae, which have the same 
appearance as in the preceding forms mentioned above. Toward 
the outer margin and indeed over the middle portion of the crown 
where its surface was subjected to greatest attrition while in use, 
the rugae are obsolete or nearly so, though in some instances still 
traceable in the disposition in transverse lines of the more or less 
elongated or confluent punctfe, which are conspicuously displayed 
over the entire surface save along the inner margin where the 
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external enamel layer is densest. A mature specimen measures in 
greatest breadth between the inner angles SO mm. more or less, 
length along anterolateral border 14 mm. 

With the exception of the narrow median teeth, the forms whose 
specific identity is here recognized are represented in about equal 
numbers of individual teeth in the collections. The mandibular pos- 
terior form exhibits some variation, especially in certain examples 
which show faint revolving ridges oy furrows over the broad anterior 
slope of the coronal prominence, as illustrated in one of the figures 
representing a tooth referred to this species. The latter feature also 
recurs in some of the Streblodoid teeth of the upper jaw, as already 
noticed, and although the absence of these obscure furrows and 
ridges does not in all cases appear to be attributable to the acci- 
dents of wear, their presence in certain individuals is not associated 
with other characters which might be deemed suj£cient grounds for 
their separation from the specific relations here recognized. Amongst 
the latter there occurs a single individual from Buffington creek, 
which, in the relative proportions of the coronal regions with which 
are associated other features, offer in the main rather marked con- 
trasts with the superficial characteristics noticeable in the typical 
examples of the form described a];)Ove. These consist in the rela- 
tively wide posterior lobe, the less distinct angular culmination of 
its crest and gentler anterior declivity, proportionately narrower 
median depression, more regularly transversely arched anterior lobe, 
and the upward and forward deflection of the imbrications or trans- 
verse rugsB in crossing the median depression, constituting striking 
features in contradistinction of those recognized in consequence of 
their prevalence as normal in the typical representatives. Illustra- 
tions of the latter specimen are also introduced, although its iden- 
tity with the present species is only provisionally inferred. Also 
amongst the few representatives of the mandibular median form the 
normal condition described above is departed from in appreciable 
degree, presenting a form distinguished by a relatively elevated reg- 
ularly arched coronal prominence and correspondingly depressed 
anterior slope, in which the oblique transverse rugsB are more inter- 
rupted in continuity than occurs in the case of the typical individ- 
uals. The somewhat pronounced variations noted may indeed con- 
stitute permanent characteristics such as a larger suite of specimens 
might prove to possess specific value. But at the present time, 
owing chiefly to the imperfect state of preservation of the material 
in which many important details are masked, the evidence is not 
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deemed sufficient to justify the separation of these individuals from 
the more characteristic representatives of the species with which 
they are associated. 

Compared with heretofore described species, the present one is 
allied to that occurring in the Keokuk formation described by Messrs. 
Newberry and Worthen, under the names Pcucilodus rugosus and P. 
ornatus. * The species difiFer, however, in several marked peculiarities. 
The closest resemblance between them is noted in connection with 
the proportions and coronal contour of the mandibular posterior 
teeth, the Upper Burlington form being mainly distinguishable by 
the more delicate and close arrangement of the transverse imbrica- 
tions. The median teeth of the mandibles of the two species differ 
to a greater extent one from the other, the coronal prominence in 
the present species possessing greater elevation and more pro- 
nounced differentiation of the culminating ridge. In the posterior 
teeth of the upper jaw the divergence in the contrasts between the 
species is even more emphasized, the Upper Burlington examples 
being destitute of the supplementary rugosities that surmount the 
crest of the posterior lobe in the Keokuk species. 

It seems not, therefore, improbable that the examination of a 
larger suite of specimens may reveal the existence of a contempora- 
neous species during the Upper Burlington epoch, which the present 
material rather suggests than demonstrates, much less affords the 
necessary data for the satisfactory discrimination of its distinctive 
characteristics. The illustrations convey a fair impression of the 
species as determined from such remains as are at hand, while at 
the same time they serve to show the variable appearance individual 
specimens present, the limits of which are difficult to define. 

Geological position and localities : Upper Burlington limestone : Bur- 
lington, Buffington creek, Louisa county, Pleasant Grove, Augusta, 
Iowa; Quincy, 111. 

Chitonodus antiquus, St. J. and W. 

PI. VI, Fig. 2. 

Mandibular posterior tooth less than medium size, trapezoidal in 
general outline, strongly inroUed and correspondingly arched longi- 
tudinally. Antero-lateral border making nearly a right angle with 

Note .-'Illinois GqoI, Surv., II, pp. 94, 95, PI. VIII, IT. 13. 14. 
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a line connecting the angles of the inner margin, or very slightly 
obliqae in its forward and outward course, the coronal enamel form- 
ing a shallow fold inbeveled to the channeled basal portion ; postero- 
lateral border not shown ; inner margin produced obliquely backward 
and rather sharply rounded at the base of the coronal ridge, thence 
making a concave curvature to the acute posterior extremity. Cor- 
onal ridge nearly median, culminating in a rounded crest, posterior 
slope abrupt to the depression on that side, whence steeply rises 
the posterior alation, also steeply sloped in front and defined by a 
faint angulation ftom the relatively plain belt occupying the anterior 
portion of the crown, and which is apparently destitute of longi- 
tudinal furrows or transverse rugae. Coronal surface regularly and 
closely punctate. Transverse diameter across the inner margin 16.6 
mm. ; length along antero-lateral border 9.6 mm. 

The above description is based upon a single imperfect specimen 
derived from the Lower Burlington limestone, and which is the 
earliest discovered representative of the genus. The somewhat dis- 
tinct demarkation of the plain anterior area of the crown offers a 
character recalling typical Cochliodus, its relative great breadth con- 
stituting the chief distinguishing feature; on the other hand, the 
coronal contour is remarkably similar to that ascribed to Chitonodus, 
of which we believe it to be a worn example. Its relations to the 
species so well represented in the collections from the next succeed- 
ing or Upper Burlington deposits cannot be fully determined; but 
the before-mentioned marked definition of the coronal ridge from the 
plain belt in front presents a striking contrast in contour with the 
same form of C. Springeri. Not even worn examples of the latter 
species, in which the transverse and even the longitudinal folds are 
obliterated, bear any intimate resemblance in the particulars alluded 
to as characteristic of the present tooth. 

Geological position and locality \ Lower Burlington limestone; 
Burlington, Iowa. 

Chitonodus tribulis, St. J. and W. 

PI. VII. Fig. 18-21. 

Teeth of medium size, of which representatives of the mandibular 
and maxillary posterior forms alone are known. 

Posterior teeth of the maxillaries presenting the usual sub-quad- 
rilateral outline, strongly arched and inroUed along the outer margin. 
Antero-lateral border forming nearly a right angle, with a direct 
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line uniting the inner, anterior and posterior angles, basal portion 
channeled, coronal enamel forming a narrow inbeveled fold along 
the upper edge; posterolateral border very oblique, forming an 
angle of 4(F to 50° with the opposite border, in respect to basal 
portion and shallow enamel fold, presenting the usual generic char- 
acteristics ; inner margin strongly arched from the subacute posterior 
extremity round the base of the posterior lobe, in front of which it 
forms a rather deep broad sinus, and again broadly arched in pass- 
ing the anterior coronal prominence to the obtuse anterior angle. 
Coronal region nearly centrally divided by the median depression; 
posterior lobe prominent, anterior face steeply rising into the 
rounded crest, whence the broader slope more gradually and regu- 
larly descends with slight transverse convexity to the postero- 
lateral border, just above which lies a faint depressed parallel belt; 
median depression occupying less than one-fourth the lateral area 
of the surface, rather deeply excavated and usually well defined; 
crest of anterior lobe near the posterior side, the broad slope de- 
scending in regular convexity to the antero-lateral border. Sur- 
face marked by transverse rugsB or imbrications over the less 
abraded portion of the posterior lobe, and which on reaching the 
median depression are, in some instances, rather strongly deflected 
from a direct course downwards and forward, becoming obsolete in 
the region of the anterior lobe, which is occupied by irregular prom- 
inences, producing an elegant verrucose ornamentation, irregular 
ridges sometimes taking the place of the verrucose prominences; 
surface punctae fine, spaced by little more than their own diameter. 
A mature specimen measures in greatest diameter between the inner 
angles 40 mm. ; length of antero-lateral border to point of inroU- 
ment about 15 mm. 

Mandibular posterior teeth sub-trapezoidal in outline, strongly 
arched and inroUed. Antero-lateral border moderately oblique in 
its outward and forward course from the very obtuse inner angle, 
channeled and limited above by the narrow enameled fold ; postero- 
lateral border converging toward point of inrollment at an angle of 
50°, or less, with the inner margin presenting the usual channeled 
condition and enamel fold above ; inner margin strongly arched 
round the base of the median ridge, with a broad concave curva- 
ture behind in passing into the produced subacute posterior extremity. 
Median lobe of crown culminating in a sharply rounded crest, 
anterior of a line through the centre of the tooth, steeply sloping 
and merging into the moderately depressed anterior belt, the oppo- 
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site side abruptly descending into the deep posterior depression, 
alate lobe somewhat steeply upraised and relatively wide, trans- 
versely convex and thickened along the border. The superficial 
transverse rugse show strongest development in the anterior slope 
and the posterior wing, in the latter region being nearly at right 
angles to their course in the former space, where, in some examples, 
at least, the surface is marked by stronger rugosities descending 
from the crest of the median ridge. Surface punctsB the same as 
described in the opposed maxillary teeth. A specimen below medium 
size measures across the inner margin 15 mm. ; length along antero- 
lateral border to point of inrollment 9 mm. 

Only the posterior teeth of the upper and lower jaws of the pres- 
ent species have been identified, represented by half a dozen 
individuals of each form, and these, with one or two exceptions, in 
the usual fragmentary state of preservation. Compared with the 
forms of the species with which they are associated, C. rugo$u8, 
(N. and W. sp.), the maxillary teeth are distinguishable by the rel- 
ative greater prominence of the posterior lobe, the verrucose orna- 
mentation of the anterior lobe, and, perhaps, the course of the 
transverse rugsB in the region of the median depression. The man- 
dibular teeth also differ in the relative prominence, the sharply 
rounded crest of the median lobe, depth of posterior depression, 
proportionately greater breadth of the alate lobe, and more robust 
build. In some of the features contrasting with the associate species 
there are more intimate resemblances with the Upper Burlington 
species, C Springeri, especially as regards the mandibular posterior 
teeth ; but the maxillary teeth of the latter, again, are more like 
those of C. riLgosuSy though they are not to be confounded with that 
species. 

Geological position and localities: Keokuk limestone, main fish-bed 
horizon; Keokuk, Bentonsport (Iowa), Hamilton, Warsaw, Nauvoo 
and Scott county (Illinois). 



Chitonodus liratus, St. J. and W. 

PI. VI. Fig. 1. 

The present species is represented by a solitary imperfect exam- 
ple of a maxillary posterior tooth, showing the anterior portion, the 
posterior lobe having been destroyed. The part preserved, however, 
indicates a tooth of small size, with a diameter across the inner 
margin probably not exceeding 18 mm., with a length along the 



120 PALEONTOLOGY OP ILLINOIS. 

antero-lateral border to point of inrollment a trifle less than 5 nun., 
in outline showing the usual quadrilateral figure. The antero-lat- 
eral border is very oblique in its course forward and backward, 
coronal enamel forming a strong, rounded fold inbeveled to the 
channeled basal portion ; inner margin gently arched round the base 
of the anterior coronal prominence with a slight concavity forward, 
and a broader one in the region of the median depression ; postero- 
lateral border unknown. Anterior portion of the crown occupied by 
a pair of low, regularly transversely arched ridges, separated by a 
shallow, well-defined furrow, and posteriorly defined by a broader 
median depression intervening between the anterior and posterior 
lobes. Surface more or less regularly marked by strong, closely 
arranged transverse imbrications parallel with the inner margin, 
and apparently extending over the entire coronal region, besides 
showing a relatively coarse, crowded punctate structure. 

The species indicated by the fragment of tooth above described 
apparently constitutes a typical representative of the genus Chiton- 
odtuif of which it is the latest that has, as yet, been made 
known. It exhibits intimate relations with the Keokuk C. rugosus, 
but is distinguished by its small size, the greater outward and 
backward obliquity of the antero-lateral border, and the double- 
lobed broad anterior prominence; the transverse imbricated orna- 
mentation markedly partakes of the generic characteristics associated 
with species of the genus. 

Geological position and locality: St. Louis limestone ; Alton, Illi- 
nois. 



Genus COCIIILIODUS, Agassiz. 



CocuLioDus Van Hornii, St. J. and W. 

PI. VII. 1-10. 

Teeth below medium size, representatives of the mandibular 
posterior and median, and maxillary posterior forms are known. 

Mandibular posterior teeth in the outline and contour of the 
triturating surface presenting in a remarkable degree the typical 
characteristios of the genus, strongly inrolled at the outer margin. 
Antero-lateral border with a slightly curved outline, the enamel 
fold occupying about one- third of the vertical space and sharply 
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defined by a narrow channel from the downward and outward pro- 
jecting basal portion, which terminates in a thin rim inferiorly, the 
axes of the channel showing relatively coarse pits; posterolateral 
border with a moderate sigmoidal curvature, diverging posteriorly 
at an angle of 50° with the opposite border terminated in the 
acutely rounded posterior angle, coronal fold equally sharply de- 
fined from the basal portion, which is more or less expanded 
toward the posterior extremity where it forms a wide platform 
extending beyond the limits of the coronal border, the channel 
similarly marked by a row of large vascular pits; general direction 
of inner margin nearly at right angles to the antero-lateral border, 
broadly arched round the base of the median prominence, and 
again gently curved sigmoidally in passing to the posterior ex- 
tremity; coronal region defined by an abruptly inbeveled narrow 
fold from the deep basal area which terminates inferiorly in a very 
thin edge; surface irregularly and coarsely marked by vertical 
rugosities and sulci; — usually, however, the attenuated rim is 
broken away, and the margin abruptly inbeveled. Coronal contour 
strongly arched in the direction of inroUment; anterior belt well 
defined from the median prominence, slightly, sometimes strongly, 
arched transversely, with a slight furrow along the anterior edge in 
well preserved examples ; median prominence occupying half the lateral 
diameter of the crown, strongly and regularly arched transversely, 
the rounded axis lying a little anterior of the middle, the broader 
slope descending into the posterior depression where it is defined 
by a marked angulation; posterior alation proportionately wider 
than the anterior plane belt, faintly depressed in the middle and 
slightly arched transversely along the moderately upraised postero- 
lateral border, where the edge of the coronal enamel is inbeveled 
similarly to the enamel fold along the antero-lateral border, and 
rounded at the extremity. Along the inner margin of the well pre- 
served tooth the surface is invested in a dense semi-opaque enamel 
through which the extremities of the tubular structure are faintly 
outlined; in worn surfaces, this same structure produces a minute, 
rather widely spaced punctuation, of which there are about 80 
pores in the space of a square millimetre. Greatest transverse 
diameter of the crown of a medium-size example across the inner 
margin 15 mm., or to the extremity of the basal spur 17 mm.; 
length of antero-lateral border to point of inrollment 10 mm. ; 
greatest depth ditto, 1.5 mm. ; length along postero-lateral border 
to the inrolled outer margin 10 mm. 



i 
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Mandibular median teeth sub-triangular in outline. Postero- 
lateral border slightly curved sigmoidally in conformity with the 
anterior articular border of the posterior terminal tooth, basal 
portion rather deeply channeled and coarsely pitted, forming the 
greater part of the height of the border, well-defined from the 
enamel-fold and terminating below in a thin outward produced 
rim; antero-lateral border converging toward outer extremity at an 
angle of about 80^ with the opposite border, relatively short, simi- 
larly channeled and pitted as mentioned in connection with the 
posterior border; inner margin making a marked sigmoidal curva- 
ture, broadly rounded in passing the base of the coronal promi- 
nence, and thence curved outward on approaching the obtuse 
anterior angle, joining the posterior border nearly at a right angle. 
Coronal contour presenting a simple median ridge, the posterior 
slope slightly arched transversely and gently descending to the 
postero-lateral border, which is occupied by an abruptly beveled 
slightly depressed belt margined by a narrow, minutely crenulated 
fold distinctly defining the coronal and basal portions,— worn indi- 
viduals showing a more or less rounded edge; the opposite slope 
declines more abruptly into a shallow depressed belt occupying the 
anterior surface, bordered by the narrow alation, over the edge of 
which the enamel makes a regularly rounded fold sharply defined 
along the strongly inbeveled margin from the basal portion; along 
the inner margin the coronal region is defined by a narrow rounded 
fold inbeveled to the deep basal belt, which extends downward into 
a thin edge corresponding with that of the posterior tooth. Super- 
ficial enamel and punctate structure the same as described in 
connection with the preceding form. Length along postero-lateral 
border 10 mm, ; greatest breadth between the inner angles 9 mm . ; 
length of antero-lateral border to point of inroUment 6 mm. 

Ultimate teeth occupying the dentigerous extremity of the lower 
jaw unknown. 

Maxillary posterior teeth {Streblodm, Agass.) subspatulate in gen- 
eral outline, strongly and regularly arched from within outward. 
Antero-lateral border with slight forward obliquity to the long axis 
of the tooth and gently curved sigmoidally, basal portion channeled 
and extending downward and outward into a thin rim, coarsely 
pitted; postero-lateral border broadly arched in a slight sigmoidal 
curvature, converging toward inroUed outer margin at the angle of 
55° to 65" with the opposite side, basal portion apparently relatively 
low, channeled, and posteriorly expanding beyond the coronal h'mit 
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terminating in the more or less produced, acutely rounded posterior 
extremity; inner margin making two broad arches, the larger in 
rounding the base of the postero-coronal prominence, the lesser in 
skirting the anterior prominence on the way to the obtuse anterior 
angle, in ordinarily preserved teeth inbeveled inferiorly. Coronal 
contour typical of the corresponding form of4he genus, divided into 
two principal regions occupied respectively by the posterior lobe and 
the narrower anterior prominence. The posterior prominence cul- 
minates about one-fourth the distance from the shallow sulcus 
forming the demarkation between the coronal elevations, the 
anterior acclivity rising quite steeply into the obtusely rounded 
crest, whence the surface much more gently declines in a slight 
concavity to the postero -lateral border, where the enamel forms a 
narrow fold distinctly defined from the basal portions; anterior 
lobe more regularly and gently arched transversely, the longitudinal 
axis lying near the median depression with a narrow steep slope 
on that side, the wide, gentle anterior slope being interrupted by 
more or less distinct revolving furrows, margined along the antero- 
lateral border by a narrow plane belt defined from the anterior 
prominence by a slight impressed line, the coronal enamel forming 
a very narrow fold along the antero-lateral border. Greatest 
breadth of medium- size tooth across inner margin 21 m m. ; length 
of antero-lateral border to inroUed outer margin 8 mm.; greatest 
length along crest of posterior lobe 13 mm.; position of median 
depression a little anterior of a line drawn through the centre of the 
tooth. A large size specimen in the collection of Mr. Van Home, 
from Alton, is quite one-third larger than that indicated in the 
above measurements. 

Although the collections afford no positive evidence of the specific 
identity of the dental elements belonging to the anterior extremity 
of the upper jaw of the present species, there is, however, a well 
represented form of teeth occurring iu series precisely after the 
Helodus-like teeth associated with the magnificent group of teeth 
furnishing the basis for the description of the species Chitonodua 
latus, (Leidy sp.) {Cochlijdtis nobilis, N. and W.). More frequently 
occurring as isolated teeth, examples of two or more teeth occupy- 
ing their natural relative position in deltoid series have been ob- 
tained, so that little doubt can be entertained as to their relations 
with some Cochliodont, probably to the species herein mentioned. 
Teeth occurring in series of two or more individuals, together form- 
ing* a ddtoid figure, narrowing from within outward, and presenting 
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a triturating surface interrupted by prominent transverse ridges and 
intervening deep furrows, corresponding to the coronal crests of the 
individuals of the series ; in some instances the individual teeth are 
so intimately united along the impingement of their bases as to 
obliterate all trace of suture; again, in other examples the original 
or occasional individuality of the teeth is indicated by a faint 
suture, extending in from the borders of the series, while others 
again show the complete series in natural successional order, but 
with their bases free. The individuals of the series regularly 
diminish in size from within outward, although the tooth of the 
inner margin sometimes presents an immature coronal crest, adher- 
ing to the inner basal declivity of the immediately preceding fully 
developed tooth, a feature known to obtain in the Helodus-like teeth 
associated with Chitonodus lattis, e. g. Helodus conaolidatus, N. and 
W. The independent teeth are distinguished by [their long-elliptical 
transverse outline seen from above, slightly arched backward along 
the inner margin of the crown, the opposite side being protuberant 
in the middle, with concave curvature towards the extremities. The 
crown rises into a tumid eccentric apex nearer the posterolateral ( ?) 
extremity, outer face slightly concave, opposite side moderately con- 
vex, sharply inbeveled and defined from the base, the extremities 
marked by a sort of enamel fold, which also faintly appears along 
the outer margin, but destitute of imbrications, such as appear in 
the coronal belt of Chomatodus. The base is relatively shallow, 
inbeveled in front, more or less channeled and irregularly coarsely 
pitted, inner margin much produced outward and downward to the 
dull inferior edge, vertically coarsely rugose ; inferior surface faintly 
depressed, smooth. The large tooth of a medium-size series of 
three firmly coalescent individuals measures iu lateral diameter of 
crown 6 mm., diameter at the middle 2 mm. ; greatest height of 
crown 1 mm. Crown originally enveloped in a dense semi-opaque 
enamel, the worn surface showing rather widely spaced punctse, 
varying, however, considerably in the latter respect. The associated 
teeth clearly homologous with the present form, present rather a 
wide range in variation, particularly in respect to the contour of 
the coronal region. In some of the teeth the crown is much de- 
pressed; in others, again, the outer face presents a wide, plain, 
elliptic area, the inner slope very low, and the crest crowded over 
past the basal border, in which condition it resembles certain forms 
of Tanaodus, although the base is entirely different from that of the 
latter genus. 
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The foregoing diagnosis of the characteristics pertaining to each 
of the several dental elements here recognized as having formed 
part of the dentition of this interesting species, presents in suffi- 
cient detail the peculiarities which distinguish it in comparison 
with other species of the genus. It remains briefly to observe the 
association of certain teeth in their original relative position upon 
the jaws, examples of which, fortunately, have been obtained by Mr. 
Van Home and Prof. Worthen. The most complete specimen of 
the mandible shows the posterior and median teeth planted upon a 
thin semi-osseous tissue composed of coarse granules of ossific mat- 
ter, the walls of which are strengthened from within by a system 
of transverse bars, like girders, which serve to maintain the shape 
of the surface upon which the crushing plates rest. The teeth are 
separated from the supporting rami by a film of calcite, which 
probably represents the bulk of the tegumentary or formative tissue 
that enveloped the dentigerous portions of the jaw. The mandible 
extends anteriorly into a slightly produced, bluntly rounded extrem- 
ity, which from the inferior surface shows on either side of the 
symphysial line a shallow pit, which may indicate the position of 
the corresponding concavity of the dental plate or tooth occupying 
the extremity of the jaw; but not a vestige of the latter exist in 
the specimen, and therefore in regard to their form we are as much 
in the dark as heretofore. Although the maxillary anterior teeth 
have been provisionally identified, we are unable to conjecture even 
the form of the opposed mandibular teeth — whether they presented 
a series of distinct coronal crests or merely a simple inroUed plate. 
A remarkable specimen of the mandible, belonging to the Wood- 
wardian Museum, obtained from the mountain limestone of Bristol, 
England, and which was described by Professor Owen, (Geol. Mag. 
1867, IV, p. 59, PL III, f. 1, 2,) shows the extremity of the rami of 
Cochliodtis contortiis, Agass., occupied by a third tooth, the smallest 
of the series, and presenting a triangular shaped, inrolled plate, 
traversed by a prominent median ridge which is described as being 
**very convex and obliquely and gently contorted from behind and 
below, upward, inward and forward, with a slight increase of breadth 
or fore and aft diameter. * * * The anterior lobe seems to have 
had the form of a small tubercle, but its summit is broken off ; the 
posterior lobe is a narrow, seam-like, raised border, extending fur- 
ther back on the outer side, fig. 2 a, than on the inner side of the 
ramus." Our specimens, unfortunately, afford no means of confirm- 
ing the observations based on the Bristol specimen, nor do the col- 
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lections afford examples of teeth corresponding to the anterior form 
described by Professor Owen. 

In relative frequency of occurrence it would, of course, be expected 
that the larger and more massive teeth appear most abundant in 
the collections. The posterior teeth of the mandibles and maxil- 
laries are represented about equally in numbers, while the narrow 
median teeth of the lower jaw, and the Helodus-likejlorms presum- 
ably pertaining to the anterior portion of the upper jaw, are less 
frequently met with. This is also true of other species of the same 
and allied genera occurring in the Lower Carboniferous formations, 
and the absence of certain forms ought not to militate against the 
conviction of their existence. 

Oeological position and localities: St. Louis limestone; Alton, and 
Monroe county, Illinois; St. Louis, Missouri; Pella, Iowa. 

CocHLioDus OBLiQuus, St. J. and W. 

PI. VII. Fig. 17. 

Tooth resembling in coronal contour the form assigned to the 
posterior position on the upper jaw, very small, obliquely trapezoidal 
in outline, moderately arched in the direction of inroUment. Antero- 
lateral border nearly straight, obliquely produced forward from the 
inner angle, making an angle of about 40^ with a right line con- 
necting the anterior and posterior angles of the inner margin, low 
basal portion forming a shallow^ channeled rim, defined above by 
the narrow, rounded, inbeveled enamel fold ; postero-lateral or oblique 
border converging from the rounded posterior extremity to point of 
inroUment, at an angle of 20°, more or less, with the opposite bor- 
der, basal portion relatively deep, moderately inbeveled and slightly 
channeled, the coronal enamel forming a delicate fold defining the 
upper edge; inner margin broadly arched round the base of the 
postero-coronal lobe, thence to the obtuse anterior angle nearly 
straight and closely conforming to a line connecting the inner angles 
of the tooth. Coronal region presenting a strong posterior promi- 
nence, the broad outer slope rounding into the border, from which 
it is defined by a slight depressed belt, anterior slope more abrupt 
and making a slight angulation where it joins the anterior depressed 
portion of the crown ; the latter presents an area of about the same 
breadth as that occupied by the posterior lobe, depressed, and 
marked by two faint, revolving folds, with a third stronger ridge 
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along antero-lateral border to which its anterior slope is steeply 
beveled. Enamel coating along inner margin showing faint lines of 
growth, the worn crown surface exhibiting relatively coarse crowded 
punctse. Length of antero-lateral border to point of inrollment 1.5 
mm. ; breadth across inner margin, 2.5 mm. 

The above form is represented by a single example, and notwith- 
standing its minute size, the perfect state of preservation of the 
tooth permits a detailed interpretation of its diagnostic charac- 
teristics and comparison with allied forms. We are, however, in 
some doubt as to its generic identity, although there is strong evi- 
dence of its intimate relationship with Cochliodus, the Strebloidal 
maxillary posterior form of which it closely resembles in coronal 
contour. This unique specimen, however, does not seem to be 
referable to the associated species Coch. VanHorniiy unless we are 
to suppose a most extraordinary change takes place, by which young 
and mature teeth are made to assume the most unlike semblance 
to one another. The present tooth, however, compared with the 
streblodoid maxillary form of Coch. Van Homii, is distinguished by 
the following pronounced contrasts : the general obliquity of outline 
and relatively narrower breadth compared with the length in the 
direction of inrollment (a feature which is necessarily persistent and 
directly dependent on the law of development of the dental plates), 
the extremely prominent posterior lobe, and the depressed median 
portion of the neck defined by the comparatively prominent ridge 
along the antero-lateral border. It is in the latter respects the form 
here especially alluded to offers greatest contrast with the prevailing 
coronal contour of Cochliodus, and suggests a possible relationship 
with Deltoptychius. 

Geological position and locality: St. Louis limestone ; St. Louis, 
Missouri. 

Cochliodus Lexdyi, St. J. and W. 

PI. VII. ¥ig. n-16. 

Teeth of small size, the collections furnishing representatives of 
the posterior and median teeth of the mandible, and the posterior 
form and Helodus-like series of teeth of the upper jaw. 

Mandibular posterior teeth distinguished by their compact build and 
relatively narrow transverse diameter compared with the length in 
the direction of the strong enrollment. Antero-lateral border slightly 
curved between the inner angle and point of inrollment, presenting 
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the usual channeled and downward and outward projecting basal 
rim which is coarsely pitted, the border having a course slightly 
oblique outward and forward to the transverse axis of the tooth; 
posterolateral border converging toward the outer margin at an angle 
of about (jOr^f basal portion channeled and somewhat produced be- 
yond the coronal limits towards the posterior extremity ; inner mar- 
gin broadly arched round the base of the principal coronal ridge, 
with a short concavity in front and a broader one in passing the 
posterior depression into the alate, subacute angle, worn specimens 
showing the usual inbeveled edge. Anterior belt of crown well-de- 
fined, narrow, slightly convex transversely, the coronal enamel fold- 
ing over the antero-lateral border in a narrow inbeveled belt dis- 
tinctly defined from the basal portion; median ridge prominent, 
relatively broad, occupying considerably more than half the trans- 
verse diameter of the crown, moderately and regularly arched trans- 
versely and well-defined on either side by an obtuse angulation or 
furrow separating it from the anterior belt and the posterior depres- 
sion; posterior alation relatively narrow, considerably upraised, 
nearly plane transversely, the coronal enamel forming a delicate 
inbeveled fold along the outer edge. Surface minutely punctate, the 
medullary tubes somewhat widely spaced and about thirty occurring 
within a square millimetre, and disposed in scroll-like curves over 
the surface of the tooth. Length of a medium-size tooth along the 
antero-lateral border 8 mm ; breadth between angles of inner margin 
13 mm ; breadth of median lobe at inner margin 8 mm ; do. of pos- 
terior alation 8 mm; do. anterior belt 2 mm. 

Mandibular median form, of which the collections offer a solitary 
imperfect example showing about half the inner portion of a mature 
tooth, exhibits a moderately elevated, sub- angular median ridge, a 
narrow concavity bordering the postero-lateral edge over which the 
enamel forms a narrow inbeveled fold distinctly defined from the 
channeled basal portion ; slope in front slightly concave transversely 
on neariug the antero-lateral border, which latter, as also the very 
oblique inner margin, is mutilated and not clearly defined. Surface 
punctation similar to that observed in the posterior terminal form. 

Maxillary posterior teeth subspatulate in general outline, strongly 
inrolled. Antero-lateral border slightly oblique with a gentle con- 
cave curvature outward and forward from the obtuse inner angle; 
postero-lateral border diverging at an angle of 2£»°, more or less, 
with the opposite border, presenting a broad gentle curvature beti?^een 
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the point of inrollment and the sharply rounded posterior extremity, 
the basal portion extending considerably beyond the limits of the 
crown forming a thin marginal rim posteriorly ; inner margin broadly 
arched in general course, suddenly con^ricted in front of the pos- 
terior lobe, and thence more gently arched to the anterior angle. 
Coronal region presents strong contour contrasts, posterior lobe 
prominent, constituting somewhat more than half the lateral diam- 
eter of the tooth, abruptly rising in front into the rounded crest 
from which the slope in the opposite direction gently descends in 
slight transverse convexity to the posterolateral border, where the 
coronal enamel forms a thick inbeveled fold distinctly defined from 
the basal portion ; the anterior neck is separated from the posterior 
prominence by a deep narrow depression, in well-preserved exam- 
ples showing a distinct narrow secondary ridge with steep decli\ity 
bordering the median depression, a transversely more gently convex 
wider belt intervening between the latter and the shallow furrow 
defining the posterior limits of the narrow relatively prominent belt 
along the antero-lateral border, where the coronal enamel forms a 
well-marked fold inbevele^ to the basal portion. Superficial punc- 
tation the same as in the opposed mandibular teeth. A mature 
tooth measures in greatest diameter of crown at the inner margin, 
22.5 mm^ the basal portion being considerably farther prolonged 
into the posterior spur ; length of antero-lateral border to point of 
inroUment, 8 mm. ; median furrow at inner margin, 13 mm. distant 
from posterior extremity. 

Associated with the above described forms, the collections contain 
a few examples of Helodm-like teeth, mostly isolated individuals, but 
occasionally in series, which we are inclined to identify with the 
present species. One of these series, in the collection of Professor 
Worthen, presents a series of four teeth firmly soldered at the im- 
pingement of their bases, without visible suture, forming a deltoid 
figure, belonging to the right ramus of the upper jaw. The three 
outer teeth regularly and gradually diminish in size from behind 
outward, except the innermost one, which presents the usual condi- 
tion of immature coronal ridge apparently resting upon the inner 
deep basal border of the immediately preceding tooth. The anterior 
basal margin of the outer tooth is channeled, the coronal ridge of 
all the individual teeth rises into a turgid sub-median apex nearest 
the postero-lateral border of the series, slightly concave along the 
sloping obtuse crest on either side and sharply deflected forward at 
the extremities into a sort of short fold; the inner margin is gently 

-9 



130 PAL.EONTOLOGY OF ILLINOIS. 

ftrclied backward, the whole tooth moderately arched vertically and 
the crown-face vertically convex : the outer face sligrhtly concave 
verticallv, swollen in front of the summit, round which the basal 
line arches from its slijxhtly" concave course near the lateral extremi- 
ties, which liittor arc somewhat angularly rounded. The inner and 
outer coronal marj^ins are sharply inbeveled to the coarsely-pitted 
basal plate, which behind forms a wide area nearly in the plane of 
the inner crown-face. The surface jninctation is tine, rather widely 
spaced, much after the same style described in the other forms of 
the species. The mature inner tooth of the series measures in 
lateral diameter. 8 mm. : ^rreatest width from behind outward, 3 
mm. ; heijzht of inner crown-face, "2,5 mm. The outer or fourth 
tooth of the same series is ti mm. in lateral extent, the other dimen- 
siims proportionately diminished. 

The above described forms embraced under one and the same 
specific desijiuation. are well represented in the collections accessible 
to us from the Chester fomiation. The spicies is intimately allied 
to that described from the subjacent St. Louis limestone, CiKhliodus 
Van llontli, of which it constitutes a tine example of a represen- 
tative species. As distiuizuished from the St. Louis species, the 
mandibular terminal tooth is relatively narrower in lateral diameter, 
stronj^er and more compactly built, the alation proportionately nar- 
rower and the median-lobe correspL»ndiui:ly wider: the. narrow me- 
dian tooth is apparently more elevated alons: the crest: the maxillary 
]>osterior teeth, on the otlu r hand, are proportionately more elongate 
transversely, posterior K^be more promir.fUt. and the median depres- 
sion more deeply excavated and di lined by steeper walls; in regard 
to the distinctions observable in tht. serial teeth, those supposed to 
pertain to the present spcvit s art- ptrcep:ii\y less elongate laterally, 
with le>s abrupt imuT c;>roiMl fav* . and i^tiierally more robust pro- 
portions, as riMuparid witii tl:e nv^rinu'ily developed individuals of 
(\ y.r: n.'*nil, wliich. as l:;is be^n poiy/ed ou:. vary to a very re- 
markabU' dei:vee in Tiieir corvM::\l a<rt\':s. 

'm '.. .". .' ; V. ■; i-.i ' .■.•■.:. .*• iliv-itc-r limestone: Chester and 
KvaiiNVilli. ^Uaii.io'.p'i vov.nty. Trairic -iu Lone. Monroe county.) 
ir.ir.o'.s. 
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Genus PCECILODUS, Agassiz. 

P<ECiL0DU8 Vausoviensis, St. J. and W. 

PI. VIII. Fig. 13. 14. 

Posterior teeth of the upper jaw of small size, subelliptical in 
outline, strongly arched in the direction of inrollment. Antero- 
lateral border slightly oblique to the inner margin forward and out- 
ward; postero— lateral border gently arched and converging toward 
inrolled outer margin at an angle of 30'^, more or less, with the 
antero-lateral border; inner margin moderately concave in the 
median region, broadly arched round the posterior lobe to the 
acutely rounded extremity, and similarly arched round the base of 
the less prominent anterior lobe to the obtuse anterior angle. Cor- 
onal region presenting a very oblique, moderately elevated, regularly 
transversely arched posterior lobe, a slight sulcus extending along 
the outer side parallel with the po3tero-lateral border, anteriorly 
defined by the moderately excavated median depression; the muti- 
lated condition of the neck does not permit the contour of the 
anterior lobe to be satisfactorily made out, although it seems to 
have been moderately arched transversely. The posterior lobe shows 

ft 

a few relatively strong transverse corrugations, which are obsolete 
in worn examples; surface punctation fine and moderately spaced* 
Transverse diameter of a mature tooth at the inner margin 12.5 mm. ; 
length of aiitero-lateral border 4 mm. 

The above species is represented, in the collection of Mr. Van 
Home by only two examples of the maxillary terminal form. The 
specimens are mutilated in the anterior region, but the posterior 
prominence exhibits the characteristic contour prevalent in certain 
species of the genus, hence its present reference. The transverse 
undulations of the posterior lobe recall the Chester species, P, Ces- 
triensisj although they are less in number and not so deeply im- 
pressed in the interspaces; while the antero-lateral border seems 
to be longer and less obliquely curved outward and forward. Its 
relations with P, St, Ludorici are much less intimate, the presence 
of the transverse corrugations of the posterior lobe offering a marked 
distinguishing feature in contrast with that species. Should the 
anterior lobe be found, from the examination of perfect individuals 
to present a regularly convi'X elevation, instead of an angularly 
arched ridge, such as is characteristic of the genus PurlUHlus, the 



13-2 PALEONTOLOGY OF ILLINOIS. 

species represented by the present form would then have to be re- 
legated to Ckitiiiioiliifi. 

Gcoliit/ii-al position mul loculili/: Warsaw limestone ; near the mouth 
of Piaaa creek, above Alton, 111. 

PiKciLODfs St, Ludovici, St. J, and W. 
PI. VIII, Tie- s, i± 

Teeth of small size, representing tb<? posterior forma of the upper 
and lower jaws; dental armament of the anterior portions of the 
iiiwB unknown. 

Mandibular posterior teeth strongly arched in the direction of iu- 
rollment, in outline presenting the nsual siibspatulate form. Antero- 
lateral border relatively very short, forming nearly a right angle 
with a line connecting the angles of the inner margin, extremely 
attenuated and contracted from the anterior coronal ridge; postero- 
lateral border converging toward point of inrollment at an angle of 
50^, more or le=B, with the opposite border, basal portion deeply 
channeled and widely expanded beyond the coronal limits posteri- 
orly, terminating in the acutely rounded spur of the posterior ex- 
tremity; inner margin making a dt^ep regular concavity in the 
region of the posterior depression, broadly nrched round the base 
of the median lobe, with a shallow concavity in the intermediate 
depression in front, and angularly arched round the anterior ridge, 
beyond which the course is suddenly and very obliquely deflected 
forward to the obtuse anterior angle. The coronal region is strongly 
marked by the characteristic contour features. Anterior lobe nar- 
row, prominent, culminating in a rounded crest moderately oblique 
to the antero-lateral border, in front of the abrupt slightly convex 
slope, dfsi'cnding to the coronal limits, where it is bordered by a 
narrow sli<rbtly deprossi'd belt, lieyond which the basal portion pro- 
jpct^^ as a wide, rapidly narrowing aprou to the anterior extremity 
of the tooth ; posterior slope equally abn;pt but of less vertical ex- 
tent; intcrmeiliate depression equaling the breadth of the anterior 
lobe, in iierfpct feotli showing a nearly ])lani^ area narrowing from 
within outward, defined from the bordering elevations by a slight 
angulation on cither side, in worn and mature examples the depres- 
siuii ])n;si'nts a more or less ilcep, regular transverse concavity; 
median or principal lobe sitnale a little posterior of the mediau 
lin<s broadly mid re^'ulai'ly arched fnnisversely, the abnipt and 
longer sbipe di/Hcending into the pusterior depression which is tra- 
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versed by a slight angulation, whence the surface rises with slight 
concavity into the moderately upraised alation, along the border of 
which the thickened enamel is rounded over in a relatively wide in- 
beveled fold to the basal portion. The inner edge of the crown, in 
some specimens, shows a widish belt of the dense enamel without 
blemish, as it was when enveloped in the formative membrane; 
where the surface is exfoliated and abraded the coarse punctate 
structure is revealed. The surface is ordinarily marked by fine 
closely arranged punctae, sometimes showing a disposition toward 
transverse arrangement, but otherwise smooth and destitute of cor- 
rugations. Greatest transverse diameter of a mature tooth across 
inner margin 16 mm. ; length along crest of the anterior lobe to the 
outer inroUed margin 7 mm. ; or about as great again as the length 
of the extreme antero-lateral border. 

Maxillary posterior teeth subelliptical in outline, strongly inrolled 
along the outer margin. Antero-lateral border with a slightly 
oblique forward course, basal portion channeled and defined above 
by a relatively strong, inbeveled coronal fold ; postero-lateral border 
converging toward point of inroUment at an angle of 30' to 40^ 
with the opposite side, making a gentle regular curve from the 
produced, acutely-rounded posterior extremity to the inrolled outer 
margin, basal portion rather deeply channeled and expanded beyond 
the coronal border; inner margin broadly arched round the base of 
the posterior prominence, with a broad concavity in the region ot 
the median depression, somewhat angularly arched round the ante- 
rior lobe to the obtuse anterior angle. Contour of the coronal 
regions strongly marked, posterior lobe occupying nearly half the 
lateral diameter of the crown, presenting a broad gentle slope pos- 
teriorly, slightly convex above and faintly depressed on ncaring the 
border, which is defined by a rather strong inbeveled enamel fold; 
the anterior declivity abruptly descends from the more or less 
angularly rounded crest with slight concavity, merging into the 
deep, wide median depression; anteiior lobe culminating in a 
sharply rounded crest flanked by nearly equally steep slopes on 
either side, that in front terminating in a narrow revolving groove 
or angulation which is bordered by the narrow, rounded marginal 
fold of the anterior border. Surface appearances the same as noted 
in the mandibular teeth above described, with the same tendency 
to transverse disposition of tlie punctte in linos more or less coinci- 
dent with the outline of the inner margin of the tooth. A medium 
size individual measures in greatest transverse diameter between 
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the extreme angles of the inner margin 13 mm.; length along 
antero-lateral border 3 mm. 

The above described forms are about equally numerously repre- 
sented in individuals in the collections, although the specimens are 
in a more or less fragmentary state of preservation. The discovery 
by Mr. Van Home of the mandible bearing the posterior pair of 
teeth, and showing the proximal articular extremity the right 
ramus and the somewhat produced, laterally narrowed extremity in 
the region of the symphysis, is the most interesting in connection 
with the genus. The semi-ossified tissue of the mandible in this 
instance seems to have remarkably intimate connection with the 
dental plates, and preserved in such a manner as to have the 
appearance of a cylindrical scroll, the inferior or inner margin 
being brought round to tlie exterior side, as the specimen rests in 
the limestone matrix. It forms a thin plate whose walls have been 
brought into contact by pressure, but posteriorly it probably 
shows its normal shape and dimensions, where it presents a cres- 
centiform excavation with the condyloid or inferior process most 
produced posteriorly, the superior process relatively strongest. An- 
teriorly in the region of the symphysis, the mandible is less dis- 
tinctly outlined. It is moderately produced and apparently obtusely 
rounded, the rami meeting at the symphysis but not anchylobed, 
and bearing either side a slight protuberance elongated parallel with 
the symph^^sical line, but without a vestige of the dental plates to 
which they afforded support. The latter more evidently of very 
small size, and if, as in Cochliodus, the distal extremity of the rami 
were armed with a median and anterior convoluted plate, their ex- 
treme diminutiveness may account for their absence in the collec- 
tions. The same conclusion is also permissible in reference to the 
anterior dentary elements of the upper jaw. 

Geological lumtion and localities: St. Louis limestone; St. Louis, 
Mo. ; Alton, 111. ; Pella, Iowa. 
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P(EciLODus Ckstriensis, St. J. and W. 

PI. VIII, Fig. 15-17. 

Teeth of medium or small size, mandibular posterior form having 
the general trapezoidal outline of Cochliodas, or a great transverse 
diameter compared with that in the direction of the strongly arched 
inroUment. Antero-lateral border comparatively short, a distinct 
furrow defining the narrow enamel fold from the shallow basal rim, 
sharply inroUed spirally at the extremity; inner margin very ol)lique 
in front, joining the articular border at a very obtuse angle, sud- 
denly rounded at anterior ridge and more broadly so in passing the 
base of the principal ridge, moderately incurved in the intermediate 
space, and again on extending into the somewhat produced posterior 
angle; postero-lateral border moderately arched and rapidly con- 
verging toward point of inroUment, coronal enamel forming a rela- 
tively strong fold defined by a deep narrow sulcus from the inferior 
basal rim, which projects posteriorly beyond tlie coronal limits, ter- 
minating in a more or less produced spur. Anterior coronal ridge 
nearly as prominent but narrower than that behind, culminating in 
a sharply rounded crest with steep slopes descending to the antero- 
lateral border on the one hand, and into the deep, narrow median 
depression on the other; principal ridge situate about equidistant 
between the angles of the inner margin, broadly arched transversely 
over the inner third of its extent, but more sharply rounded in the 
outer portion, the posterior slope abrupt, and as in the parallel 
ridge somewhat deeply excavated; posterior depression broad and 
deep, the transversely slightly concave surface steadily rising into 
the wide posterior alation, which comprises about one- third the lat- 
eral diameter of the crown. Surface along the inner margin envel- 
oped in a glassy enamel layer beneath which the minute densely 
crowded punctie are distinctly visible, and which are laid bare over 
the greater area of the triturating surface in front ; faint transverse 
undulati(ms traverse the crown conforming to the curvature of the 
inner margin, worn specimens exhibiting more distinct irregular 
undulations along the crests of the coronal prominences. A speci- 
men of ordinary size measures across the inner margin 10 mm..; 
length along principal ridge to inrolled outer margin, 10 mm. ; 
length of anterior articular border, about 3.5 mm. 

Maxillary posterior teeth subelliptical in outline, strongly inrolled 
at the outer margin. Antero-lateral border produced obliquely forward 
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from the obtuse inner angle; postero-lateral border also obliquely 
and rapidly converging from the subacute posterior extremity towards 
inroUed margin, basal portion channeled and posteriorly expanding 
beyond the limits of the rounded, inbeveled coronal fold ; inner mar- 
gin strongly arched round the base of the posterior prominence, 
sharply contracted in front, and broadly arched round the anterior 
lobe to the antero-lateral border. Coronal region divided into nearly 
equal parts by the relatively narrow, deeply excavated median de- 
pression, posterior prominence regularly arched transversely into the 
broad rounded crest, which is interrupted by a few relatively strong, 
short transverse furrows and corresponding ridges extending over the 
outer half or more of its extent ; anterior ridge also quite prominent 
with regular transverse convexity, and similarly marked by trans- 
verse corrugations. Surface generally minutely punctate. A specimen 
below medium size measures, in greatest diameter across the inner 
margin, 13 mm. ; length along antero-lateral border, 3 mm., more 
or less. 

Other associate forms of the species remain unknown; the small 
size of the recognized terminal teeth indicate for the unknown forms 
a diminutive size and delicacy that, in a measure, explains their 
absence in the collections, which, indeed, contain comparatively few 
individuals of either of the representative forms described above. The 
prominent transverse corrugations ornamenting the coronal ridges 
serve to distinguish the species from its congeners of the subjacent 
formations and subsequent deposits of the Coal Measures. In the 
latter respect, also, it presents quite as marked a contrast with the 
European species, originally distinguished under the names, Pcjecilodtu 
Joncsii and Fa'.cUodua ohUquua^ Ag. 

(Teoh)fj\cal position and locality: Chester limestone; Chester, Illinois. 

PCECILODUS WORTIIENI, St. J. 
Pi. VIII. Fitf. 1«. 

The Chester formation has recently afforded an example of a man- 
dilnilar terminal tooth of Ptedloihis. This is referable to a species 
markedly distinct from all others known to me. The specimen was 
obtained, probably, from the limestone overlying the horizon from 
which the majority of the fish-remains of the Chester were derived, 
and is, thus far, a unique representative of its kind. The tooth 
belongs to the left ramus, and, besides its great size, it is dis- 
tinguislied l)y the following characteristics: 
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General outline trigonal, lateral diameter proportionately short, 
compared to the length, which it but little exceeds ; general course of 
inner margin nearly at right-angles with the anterolateral border, 
somewhat sinuous and broadly rounded, and somewhat sharply so 
in passing the angle of the principal coronal prominence, thence 
pursuing a slightly-curved course into the produced posterior angle ; 
antero-lateral border nearly straight or very gently-curved sigmoidally 
in passing into the extremely-inroUed outer extremity ; basal portion 
nearly vertical, very deep, and defined above by the usual narrow 
enamel fold, which forms an inbeveled coping projecting coneiderably 
beyond the basal wall; postero-lateral border rapidly converging to- 
ward the outer margin, making an angle of about 5(f with the anterior 
border; condition of coronal fold and basal edge not determinable. 
Coronal region strongly arched in the direction of inrollment, and 
principally occupied by the longitudinal prominences ; principal ridge 
nearly median, strongly arched transversely and defined by a more 
or less distinct angulation from the broad, posterior depression, 
which is bordered by the gentle acclivity rising into the postero- 
lateral border of the alate expansion; anterior ridge almost equally 
prominent and similar in contour to the principal ridge, from which 
it is separated by a deep depression of nearly equal breadth, with 
very steep, concave walls, slightly flattened along the rounded crest, 
the slope in front descending, in a similar slight concavity, to the 
antero-lateral border, which is margined by a very narrow fold of the 
coronal enamel. Surface minutely and densely punctate, with faint 
transverse lines along the less worn inner margin, otherwise des- 
titute of the rugosities common to nearly all its congeners. Trans- 
verse diameter at the inner margin about 35 mm. ; length of antero- 
lateral border to point of inrollment, 25 mm. ; ditto along principal 
coronal ridge, about 30 mm. ; depth of antero-lateral border, 5 mm. 

The outer portion, as also the postero-lateral border, is mutilated, 
exposing to view the remarkable inrollment which amounts to one 
and a half revolutions, with a short convoluted apex. The form 
described differs in so marked a degree from other species of the 
genus as not to require detailed comparison ; it is chiefly distinguished 
from allied species by the regularly arched coronal ridges, deep 
narrow median depression, and abbreviated transverse diameter. 

This largest American representative of the genus, and I believe 
the largest species known, is dedicated to Professor Worthen, the 
venerable director of the geological survey. 

Geological 2>osition mid locality: Chester limestone, Chester, 111. 
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PiKoiLonus Sprinoeui, St. J. and W. 

PL Tin. Fltf. \9. 

Tlio ]uvsont species is made known from a few examples repre- 
sontiiijx I ho posterior or terminal form of the mandible. The teeth 
attain modiiim size, strongly arched in the direction of inrollment. 
Antero-lrttoral border sli*::htly oblique, outward and forward, to the 
j:onoral course of the inner margin, relatively short, basal border 
channeled : posiero-latoral border converges towards oater inrolled 
margin at an angle of 51^ more or less, with opposite border, basal 
portion unknown; inner margin strongly deflected backward from 
the very obtuse anterior angle, making an angle at the base of the 
anterior lobe, with a regular concavity in the region of the median 
depression, as also in passing the posterior depression into the 
acutely ivunded posterior extremity, broadly arched round the base 
of the posterior i>r principal loi»e. The characteristic contour features 
strougly marked in the coronal region: anterior lobe rising into a 
narrow sliarply rounded crest, anterior slope slightly concave and 
detinod by a narrow ro;inded foKl iuboveled to the inferior or basal 
hnder: mc.iian lUin-ession deeply excavated and regularly concave 
tran-^xersily. marked by a few. iliree more or less, parallel longitu- 
dinal folds : pv^s:erior ridge more broadly arched tninsversely. prom- 
lucv.:. abv;:p:iy dec'.inir.j: into the deep posterior depression, which is 
i^rdcrt.i bv :iu stiv^^clv ;;^ra:sid. i-road alaiion. Surface, aside 
tr*^:Vi tiu a'.i\;\ay nur.tiv^v.id '.oUiiitu.iiuai foLls o^^oupying the bottom 

: ::.i v/.t '.:;,:; .iiivt ss-.^u. s:::^:-:!.. av.i n::in::c!y and densely punc- 
:\.c *.■.:•.'.:.*: iXii-.iv.iri: a Ttr.itr.oy r.^ :r.ins verse disposition in 
.V..S :\ ••"' '^- '•^■•'- ••- i'*.'.*.er :::..ri::y.. Breai::: i etween angles of 
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from Poscilodus St. Ludov'wiy and the presence of longitudinal folds 
in the median depression offers a contrast with P. Cestriensis. 

Geological position and locality: Lower Carboniferous limestone 
strata; vicinity of Santa Fe, New Mexico. 

PcKciLODUS cARBONARius, St. J. and W. 

PI. VIII. FiR. 20-21. 

Teeth of medium or small size, known from the opposed terminal 
forms of the upper and lower jaws. 

Posterior teeth of the mandibles characterized by the relatively low 
coronal ridgos, the principal ridge situate considerably posterior of 
a line traversing the middle of the tooth in the direction of iuroll- 
ment, broadly arched transversely along the inner margin but form 
ing a narrow angularly rounded ridge toward the outer margin; 
anterior ridge narrow, sharply rounded along the crest, steeply 
sloping to the articular border of the antero-lateral side, and nearly 
equally abruptly inclined behind into the comparatively wide median 
depression separating it from the principal ridge, and which is tra- 
versed by a slight longitudinal fold ; posterior depression defined on 
the one side by the steep slope of the principal ridge, and on the 
other moderately rising into the comparatively narrow alate expan- 
sion of the postero-lateral border, which terminates in the moder- 
ately produced posterior angle; posterolateral border nearly vertical 
or produced shghtly outward inferiorly, defined along the Upper edge 
by the narrow inbeveled enamel fold and slightly channeled ; antero- 
lateral border not well shown in the accessible examples. Breadth 
of tooth across the inner margin 17 mm. ; length of antero-latera 
articular edge 4.5 to 5 mm. ; longitudinal diameter along principal 
ridge to iniolled outer margin about 18.5 mm. 

Posterior teeth of the maxiUaries in general outline elliptical, rather 
strongly and spirally inrolled, broadly arched outward along the inner 
margin with a slight concavity in the region of the median coronal 
depression; postero-lateral border terminating in a sharply rounded 
angle, thence gently and regularly curved in its rapid convergence 
toward point of inroUment, the relatively strong enamel fold inbev- 
eled to the basal rim from which it is defined by a deep narrow 
groove; antero-lateral border very oblique outward and forward to 
the inner margin, and also apparently defined along the upper edge 
by a narrow inbeveled enamel fold. Coronal contour regularly and 
rather strongly arched longitudinally, moderately so transversely; 
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posterior or principal ridge occupying half the lateral diameter of 
the tooth, rather strongly convex transversely, posterior slope mod- 
erate and uniform to the postero-lateral border, opposite slope steeply 
descending with slight concavity into the narrow median depression 
whii-h corresponds in the extreme obliquity to the course of the an- 
terior juticular border; anterior ridge culminating in a sharply 
rounded crest, toward the outer margin flanked by the nearly verti- 
cal, concave slope of the median depression, the border opposite 
declivity more gently descending to tlie antero-lateral border along 
which it is sliglitly depressed, and marked by faint longitudinal un- 
dulations, or sometimes interrupted plica* which obliquely descend 
from near the crest toward the oblique anterior portion of the inner 
margin. Lengtli of a specimen of ordinary size along the antero- 
lateral border about mm. ; transverse diameter at the inner margin 
17 mm. 

Triturating surface Ihiely and closely punctate in both forms men- 
tioned above, presenting the usual variations in accordance with the 
degree of abrasion to which the surface has been subjected. In 
crossing the narrow ridges the puncta^ often show marked lateral 
elongation and disposition in parallel rows corresponding in course 
to the formative margin, besides the oblique and longitudinal folds 
already mentioned occurring in the anterior slope of the maxillary 
teeth ; and in excessively worn surfaces the medulai7 layer is entirely 
removed, exposing to view the dense homogenous inferior layer of 
the dental structure. 

Only a few specimens representing the above described forms have 
boon oi)tained. associated in the same stratum at LaSalle; examples 
of probably specitically identical forms have come to our notice from 
other localities in Illinois and Kansas. The species offers characters 
readily distinguishing it from allied earlier appearing forms; the 
longitudinally riilged median depression and relatively narrow alate 
expansion of the mandibular terminal teeth, and the relative pro- 
portions of the coronal prominences and the peculiar undulations of 
the anterior slope in the maxillary teeth constitute the salient fea- 
tures contrasting the species with I\ Ctsfriensis, 

<irnl,hiir,il p'>.<iti n i///,/ loniHtira: Upper Coal Measures; LaSalle, 
111., and Kansas. A single specimen has been obtained from the 
ilarlv limestone twenty feet above Coal Xo. (>, near Belleville, and 
Mr. Gutters has discovered the same remains in the roof shales of 
Coal No. .") at Carliuville. this State. 
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Genus DELTODUS, Agassiz. 

Deltodus. Agassiz. MSS.. 1869. PwcHi^us snhlovia; Messrs. J. Mobris and G. E. Roberts, 
1862, Quarterly Jour. Geol. 8oc. London, XVIII, p. *M; MesHrs. Newbeuby and Worthen. 
18W;. Illinois Geological Survey. II. p. 96; L«»ra Ennisktllen. 1869. CaUloKue of Type 
Specimens. Gool. Ma«;.. London. Vi. extrant, p. 4; Dr. L. de Koninck. 1878. Fauvro du 
Calcafro Carbonillre de la BelfiriQue, II, p. G,V, Dr. F. Biosby. 1878, Thesaurus Devonico- 
Carboniferous. 1878. 

These forms have thus far been recognized as having probably 
pertained to one and the same generic category, as follows: 

Mandibular posterior teeth sub-triangular or sub-spatulate in out- 
line, arched and slightly spirally inrolled from within outward. An- 
tero-lateral border with a slight concavity in its course from the inner 
angle to the inrolled outer margin, basal portion channeled and ter- 
minated below in a thin rim, bordered above by the inbeveled belt 
which is enveloped in the coronal enamel, and partaking of its punc- 
tate structure; postero-lateral border obliquely converging from the 
sub-acute posterior angle toward the outer margin, gently arched, 
nearly vertical, basal portion channeled and defined above by a nar- 
rower, more or less abruptly-rounded belt of coronal enamel; inner 
margin sigmoidally curved, broadly arched from the obtuse anterior 
angle round the base of the coronal prominence, with a concave 
course thence to the sub-acute posterior angle. Coronal region pre- 
senting a prominent anterior ridge culminating in a more or less 
rounded crest near the median line, with gentle inclination to the 
antero-lateral border, abruptly sloped into the posterior depression, 
which is defined by the more or less upraised border forming the 
posterior alate lobe. 

Mandibular median teeth cuneate or elongate sub-trapezoidal in 
outline, relatively narrow, transverse diameter, longitudinally arched 
and inrolled at the outer margin. Postero-lateral border with a 
slight sigmoidal curvature and somewhat oblique outward and for- 
ward course, basal portion channeled and terminating in a narrow 
edge, coronal belt relatively wide, abruptly beveled to the narrow 
ridge limiting the basal furrow, the articular border nicely co-adapted 
to that of the conterminous posterior tooth ; antero-lateral border rel- 
atively short, less oblique in its outward and forward course, basal por- 
tion relatively narrow, channeled, limited above by the rounded, inbev- 
eled enamel fold ; the inner margin is peculiar for the oj^liquity of the 
anterior half and sudden deflection nearly at right-angles in round- 
ing the base of the coronal ridge, with a slight concavity in its 
course thence to the sub-acute posterior angle ; coronal region tra- 
versed by a strong median ridge, culminating in a rounded crest, 
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the Hlope terminating in a narrow depression, which is hordered by 
the more or less W(jll-defined marginal fold along the anterior ar- 
ticular border, that behind mergin*^ into the wider depression which 
is boidered by the narrow, alate lobe of the posterior border. Other 
dental forms of the mandibles unknown. 

Maxillary posterior teeth trigonal hi ontline, relatively longer and 
less strongly arched and inrolled than the opposed mandibular teeth. 
Antoro-lateral border gently curved sigmoidally outward and slightly 
forward, proportionately low and inbeveled, defined by the narrow, 
rounded, inbeveled enamel fold, which is separated from the shallow 
basal rim by a narrow furrow; the postero-lateral border more ob- 
lic|uely converges toward the outer inrolled margin with gentle cur- 
vature, 'usually strongly inbeveled, the coronal enamel contributing 
a relatively wide belt inbeveled to the deep, more or lees distinctly- 
channeled basal portion, which meets the inferior surface of the 
tooth in an obtuse angulation ; inner margin very obliquely produced 
from the slight anterior angle to the base of the coronal prominence, 
where it is abruptly detleoted with a slight concavity in passing the 
posterior coronal depression to the sub-aeute posterior extremity. 
The anterior portion of the crown is occupied by a prominent ridge, 
the more or less rounded, sometimes angular crest, culminating 
nearest the antero-lateral border, to which it is steeply sloped, and 
deiuied by the shallow, depressed belt bordering that side; the op- 
posite side ]>resenting a wider, gently-convex, or concave slope, de- 
scending in\o the posterior depression, which is bounded by the more 
or less strongly-upraised posteri<n* alation. The character of the 
anterior teeth associated with the above form has not been deter- 
mined. 

The superlicial characters associated in common with the forms 
above noticed are sul)ject to variations such as characterize the 
species they represent. While the normal condition of the crown is 
that of a snuH>th, Ihiely ami densely punctate surface, to these 
features certain species add narrv»w. impressed transverse sulci, 
whieh ni others assume the magnitude of broad inidulations cross- 
inu the crown uarallel ti> the inner miuLiin of the tooth. There are 
also, in certain species, mow- or less di^tinctly developed longitudi- 
nal plica or lurrows. which are espvcially discernible in the less 
worn >urface rv»\\ard the iimir marijin. 

The toruis above alluded to have alrcjidy lui-n brought to the 
aiteniuMi o! uaiuralists. and tiuir congeiu-ric relationship con- 
jecluu vl. As early as iN^'* Tro es-^or Agas^iz had recognized the 
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generic identity of the forms here referred to the posterior position 
upon the upper and lower jaws respectively, to which he then gave 
the name Deltodiis, which was accepted by European authorities 
and recognized in various publications. Prior to the above date, 
Professor Frederick McCoy, in the British Palaeozoic Fossils, 1855, 
recognized the probable identity of the narrow median teeth, here 
referred to the mandibles, with the so-called "anterior teeth" of 
Deltodm sublavis, which he described under the name Pa*cilodu8 
paraUelus. The latter form presents the same general figure and 
coronal contour here ascribed to the median form, although at the 
same time it presents marked specific characters. Heretofore 
authors have not essayed the distinct definition of the dental ele- 
ments pertaining to the upper and lower jaws of thi« genus, and in 
the attempt in that direction here initiated we are profoundly 
conscious of the meagre, imperfect data from which to draw evidence 
which shall not be open to objection on account of its inconclusive 
nature. However the facts are briefly stated, and if they do not 
carry conviction as to the justness of the interpretations arrived at 
they will at least show the difficulties in the way of the student 
who shall attempt the restoration of extinct forms from few and 
detached remains such as are represented by these teeth. 

We are thoroughly satisfied with the conjecture of Professor 
McCoy as to the relative position and specific identity of the narrow 
median tooth, as above pointed out; but, on the other hand, the 
data do not sustain former inferences as to the position occupied 
by the form with which the narrow teeth were associated upon the 
jaw. The so-called ^'anterior" tooth possesses essentially the char- 
acteristics of the form which, in CoMiodus, is known to hold a 
posterior or terminal position upon the mandible. The latter form 
thus transposed readily lends itself to interpreting the median posi- 
tion of the succeeding narrow tooth, the articular walls exactly eon- 
forming in coadaptation, and thus placed they assume a symmetrical 
disposition perfectly in consonance with that characterizing the man- 
dibles of Cochliodus, Ptecilodus and Cestracwji; on the other hand, it 
is impossible to conceive of so intimate relations in the case of the 
so-called ^^terminal" tooth with either of the forms just alluded to. 
However, certain features are noticeable by which a certain striking 
resemblance is manifest between the median form and that here 
referred to the posterior or terminal position on the upper jaw (the 
'^terminal'* tooth of authorsj. This consists in the remarkably ch)8e 
similarity in coronal contour which obtains in either form alike. 
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although in outline and general appearance they are 8o markedly 
different one from the other. A comparison of the forms reveals 
the same depressed or sulcated anterior slope of the principal 
coronal prominence, very oblique anterior portion of the inner mar- 
gin and its abrupt deflection in passing around the base of the coro- 
nal ridge into the posterior extremity ; even the articular edge of the 
anterior borders in the two forms is very like, but in the postero- 
lateral borders there is marked dissimilarity between them, nor have 
wo been able to identify amongst the material before us forms with 
which the maxillary posterior teeth were- associated. Whether the 
upper jaw was terminated by a series of tt^eth, such as undoubtedly 
occupied the anterior portion of the jaw in Cochliodus, it is impos- 
sible at the present time to more than conjecture. 

The genus is represented by species thus far authentically reported 
only in lower Carboniferous formations in Europe, where it was the 
cotemporary of Cochliodus. In America, however, its representatives 
range from near the base of the lower Carboniferous (Burlington 
limestone), thence through the successive formations up into the 
Coal Measures. The following is a list of the species at the present 
time known, the affinities of the forms being recognized in accord- 
ance with the characteristics cited in the foregoing descriptions and 
observations : 

Deltodiis 8uhl(Pvis, Agass., mountain hmestone, Great Britain. 
( — PiVcUodm parallelus, ^IcCoy, and possibly Pwc'dodus idiforniis, Mc- 
Coy.) 

/.). sandalinus, de Koninck, Carboniferous limestone, Belgium. 

D, spattdatHs, N. and W., U. Burlington limestone. 

D. oceidentaUs, (Leidy — sp.) Keokuk limestone. ( — D. stellatus, N. 

and W.) 

/). nndidatuH, N. and W. Keokuk limestone. 

D, Inilor, St. J. and W. Keokuk limestone. 

7). lAtUm'i, N. and W. Warsaw limestone? 

7>. r'nirtulfiSy St. ^, and W. Warsaw limestone. 

J), trilulms, St. J. an<l W. Warsaw limestone. 

J>, parruii, St. J. and W. St. Louis limestone. 

J), intfinncdius, St. J. and W. St. Louis limestone. 

/>. i-'niijnJatas, N. and W. Chester limestone. 

/>. Mrrriiriiy Nowb. Lower Carboniferous. 

I). PutreUii, St. ^, and W. Uppi'r Carboniferous. 

I), propbhiuna, St. J. and W. Coal Measures. 
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Deltodus latior. St. J, and W. 

PL IX, FlfiT. 11-12. 

Mandibular posterior teeth moderately arched longitudinally and 
rather strongly inroUed, in general outline and dimensions resemb- 
ling the same form of Deltodus occidentalis with which they are 
associated. Antero-lateral border slightly incurved, in length exceeded 
by the breadth across the inner margin, enamel fold defined from 
the basal border by a shallow groove ; general course of inner margin 
slightly oblique to the anterior border, broadly arched round the 
base of the coronal prominence with a slight concavity between the 
median and the posterior angles; posterolateral border gradually 
converging toward the outer margin. The upper edge defined by a 
rather thick fold of the coronal enamel. Coronal ridge most prom- 
inent in the middle portion of its extent, depressed near the inner 
margin, culminating in an obtusely rounded crest a little anterior 
of the median line, anterior slope fiat or slightly depressed, pos- 
teriorly steeply inclined into the depression on that side, which is 
bordered by the rather wide moderately upraised alate expansion. 
Surface punctation very like that observed in Z>. occidentalis. Length 
of a medium size tooth along the antero-lateral border to inroUed 
outer margin 15 mm. ; breadth across inner margin 19 mm. 

The posterior form of the mandible alone is known, of which the 
collections contain but few examples. These present, in the contour 
of the crown and proportions of the coronal prominence and alate 
lobe, characters which certainly offer striking contrast to those prev- 
alent in Deltodus occidentalis, with whose remains they are asso- 
ciated. The same observations are equally admissible when com- 
pared with the same form of D. undulatus, N. and W., also of 
the Keokuk, and D. spatidatuSf N. and W., of the Upper Burlington 
limestone. In the depressed anterior slope and the consequent 
greater or less prominence of the coronal ridge, these teeth bear 
some resemblance to the homologous form of Cochliodus; however, 
the condition of the coronal fold of the antero-lateral border as also 
the coronal contour leave no room for doubt as to their congeneric 
relations with Deltodus. The paucity of examples and the absence 
of identifiable individuals of the opposite jaw have occasioned much 
hesitation in recognizing the specific distinctness of the teeth here 
alluded to; the materials illustrating D. spatulatus, D. occidentalis, 

—10 
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and D. undvlatm, ample and variable in their bounds as they are, 
do not make it clear that the present form is but a varietal pbasis 
of one or other of the last mentioned species. 

Geological position and hcalitles: Keokuk limestone, near Warsaw 
and Hamilton, 111. ; Keokuk, Iowa. 



Deltodus cinctulus, St. J. and W. 

PI. IX, FIff. 6. 7. 

Teeth below medium size. Mandibular posterior tooth triangular 
in outline, lateral diameter relatively broad compared to the length, 
and somewhat strongly inrolled at the outer extremity. Antero- 
lateral border nearly at right angles with a line connecting the 
inner angles of the tooth. The upper half or more of its height 
enveloped in the strong, inbeveled enamel fold, beneath which the 
basal portion forms a narrow rim showing a coarse vascular struc- 
ture; inner margin with a slight sigmoidal curvature, broadly 
arched round the base of the coronal ridge, with a moderate con- 
cavity in passing the posterior depression into the posterior angle; 
postero-lateral border gradually converging toward the outer margin, 
occupied by a well-defined enamel fold extending nearly half the 
depth, basal portion slightly channeled and terminating in a nar- 
row rim inferiorly. Coronal ridge relatively broad, strongly arched 
laterally, culminating a little anterior of the median line, with a 
gradual slope into the posterior depression from which rises the rel- 
atively narrow, slightly upraised alate lobe which terminates in the 
sub-acute posterior angle; in mature or somewhat worn specimens 
where the surface has been deprived of the original enamel investment, 
the crown is undulated by sub-equal transverse folds and intervening 
narrow sulci conforming to the bands of elongate punctse that mark 
the order of increment of the tooth substance. Breadth of an ordi- 
nary-sized specimen at the inner margin, 11.5 mm; length of antero- 
lateral border to point of inrollment, about 9 mm. 

Posterior tooth of the upper jaw trigonal in outline, moderately 
arched in the longitudinal direction. Inner margin making a sig- 
moidal curvature from the posterior sub-acute angle, broadly rounded 
into the antero-lateral border with which it is more or lessobhque; 
anterior articular edge unknown; postero-lateral border gradually 
converging toward the outer extremity; enamel fold well defined 
and separated from the basal portion by a narrow channel. Coronal 
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prominence relatively narrow, culminating about midway of the an- 
terior half of the coronal region, abruptly descending to the antero- 
lateral border, gently doping into the broad, shallow posterior 
depression, which together with the slightly upraised wing occupies 
a proportionately wide extent of the coronal area. Surface marked 
by sub-equal and more or less parallel transverse folds, separated 
by narrow furrows similar to the opposed mandibular teeth, and 
conforming to the curvature of the inner margin. A medium size 
tooth measures in greatest transverse diameter at the inner margin 
about 11.5 mm; greatest length from posterior angle to outer in- 
rolled margin, about 16 mm. 

The species above noticed is closely allied to its congeners of the 
X>eltodu8 unduUUus tjrpe. The mandibular posterior teeth are, how- 
ever, distinguishable by their relative great breadth at the inner 
margin, as compared to the length; the narrow wing expansion re- 
calls more the condition prevalent in D. occidentalism from which, 
however, it may be recognized by its broader, shorter form and 
undulated coronal surface. The opposed maxillary teeth ' bear a 
striking resemblance to D. cingulatus, N. and W., of the Chester 
limestone, differing, however, in the greater obliquity of the inner 
margin and, perhaps, the more numerous transverse sulci, producing 
the banded appearance of the crown surface, while the more widely 
expanded wing, and the greater obliquity of the inner margin, also 
serve to distinguish them from D. undulatus, N. and W. ; also, in 
both forms of the present species the punct» are perceptibly more 
crowded than is the case in D, cijigulatus, and in which respect they 
again resemble D, undulatus. 

As yet the collections contain very few examples of the teeth above 
referred to, but these, besides their small size, offer characters which 
seem to authorize the recognition of their distinct specific standing, 
although closely allied to the species with which they have been 
compared. 

Geological position and localities : Warsaw beds : Barrett's Station, 
St. Louis Co., Mo. ; Madison county, Piasa creek above Alton, and 
Scott county, IIL 
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Deltodos trilobub, St. J. and W. 



Mandibular median tooth of medium size, wedge-ahaped in outline, 
moderately arched and rather strongly inroUed. PoBtero-lateral or 
oblique border converging toward the outer extremity at an angle 
of about 15' with the oppoaite border, slightly sigmoidally cun'ed 
from the sub-acute inner angle to point of lurollment, basal portion 
of moderate depth, rather deeply and angularly channeled, the in- 
ferior rim produced downward and slightly outward beyond the lim- 
its of the enamel fold, which latter forms a wide belt abmptly 
beveled above, with an inbeveled narrow strip below; antero-lateral 
border proportionately short, or hardly more than hall the length of 
the opposite articular border, the rounded anterior coronal lobe in- 
beveled to the relatively shallow-channeled, inbeveled (?) basal rim; 
inner margin very obliquely produced backward from the very obtuse 
anterior angle to the broadly rounded base of the principal coronal 
ridge, thence to the posterior angle, making nearly a right angle to 
its anterior course, with a slight concavity in the region of the pos- 
terior depression. The principal ridge occupies half or more of the 
transverse diameter of the coronal region, rising into a high, rounded 
crest, the anterior slope steep and terminating in a narrow depres- 
sion outwordly defined by the rather prominent, rounded lobe trav- 
ersing the antero-lateral border; the opposite slope is very abrupt, 
with slight transverse concavity, merging into the rather deep pos- 
terior depression, which is bordered by the prominent alate lobe of 
the post ero -lateral border. Coronal surface smooth, the inner margin 
preserving the thin enamel coating, the worn surfaces exhibiting fine, 
closely arranged punctie. Breadth of tooth at inner margin about 
10 mm ; length along the oblique border to point of inrollment 14 
mm. 

The above descnption is based upon a single nearly perfect tooth, 
the antero-lateral border being slightly distorted by pressure. Com- 
pared with allied species, it is readily distinguished from the mandi- 
bular median foim of the Keokuk and Upper Burlington species, 
Deltodua occidcntalin (Liedy, sp.) and D. spatiilahis, N. and W., by the 
distinct lobed condition of the anterior border; also, the alate lobe 
is more prominent than in D, gj^dtulatus, and less expanded than 
occurs in D. vcddoitalis. 
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So far as relates to the present unique example, little doubt can 
arise as to its specifically distinct character ; but as regards the forms 
with which it was specifically associated, the meagemess of the ma- 
terial hardly furnishes a clue as to their identity. Thus far, the 
Warsaw limestone has afforded only a few fragmentary remains of 
Deltodus, some of which certainly are very intimately related to the 
Keokuk species D, occidentalis (maxillary and mandibular posterior 
forms) ; but the imperfect state of preservation of these specimens 
offers nothing definite bearing on their specific identity, as noticed 
in another place. We are satisfied that the species of Deltodiis are, 
in some instances at least, extremely intimately related to one 
another, although distinguishable by well-defined peculiarities, as 
exhibited by ordinarily well-preserved examples. However, amongst 
the mass of material — ^like that including Z>. occidentalls and D. un- 
didatusy of the Keokuk limestone — ^it is impossible to recognize the 
specific identity of the fragmentary individuals, and the same state 
of things undoubtedly obtains in respect to allied representative 
species. 

Messrs. Newberry and Worthen have described (111. Geol. Surv. IV, 
p. 367, PI. IV, f. 8) a maxillary terminal form under the name Del- 
todus Littoni, reported from the Carboniferous limestone of Boone 
county, Missouri. It is uncertain whether the latter, which is rep- 
resented by an unique example, was derived from the Warsaw or 
from the St. Louis formation, both of these formations, as also the 
Keokuk, etc., occurring in the region indicated; however, the ap- 
pearance of the limestone matrix does not suggest the latter horizon, 
and it is supposed the specimen belongs to either the Warsaw or 
the St. Louis. We owe to the courtesy of Dr. Litton, of St. Louis, 
the privilege of examining the type specimen. It is a large, much- 
worn tooth, neither border of which is suflBciently complete to per- 
mit of detail comparison with allied species. The- relative great 
breadth and regular convexity of the coronal ridge and apparently 
narrow posterior alation, offer marked contrast to the prevalent 
Keokuk species D. occidenUdis, bearing a greater resemblance to D. 
unduUituSy especially, compared with worn examples of the latter 
species, in which the transverse undulations are more or less ob- 
scured, or obsolete. It is possible the narrow median tooth de- 
scribed above may be specifically identical with the latter form, in 
which event, of course, the name by which it is here designated 
will have to give way to the prior term bestowed by Messrs. New- 
berry and Worthen. 
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Geological position and locality: Warsaw limestone ; Jersey county , 
Illinois. 



Deltodus occidentaijs? (Leidy, sp.) 

PL IX, Fit.'. 9-10. 

CompRro DeJtodus occUientali», (Cochliodus occidentuUs), Leldy. 1856, Trans. Am. Phil. 
Buc, XI, (2d 8er.) 

Leltodun steUaius, Ne^^bebby and Wobthen, 1866, 111. Gcol. Bur.. II. p. 97, PI. IX. f. 3-4. 

The collection from the Warsaw and St. Louis formations contain 
rare examples of the teeth of both the mandibular posterior and 
median^forms and of the maxillary posterior form of a species 
clo8ely;.allied to, if indeed it proves not to be identical with, Delto- 
dus occidentalism (Leidy sp.) so numerously represented in the Keo- 
kuk limestone. The Warsaw specimens, of which a single example 
of the posterior tooth of the upper and lower jaws respectively has 
been obtained, though fragmentary, present so close a resemblance 
to the Keokuk species that were their stratigraphical derivation not 
known they would without hesitation be relegated thereto. The 

maxillary tooth (Warsaw) does not show quite as angular coronal 
ridge, but in the outline and coronal contour in other respects it is 
most intimate in its relations with that species. The mandibular 
tooth (Jersey county) preserves only part of the middle or elevated 
portion of the tooth, the borders and extremities being mutilated, 
showing the general characteristics save the longitudinal ridges at- 
tributable to the Keokuk teeth. In size they are a little larger 
than the prevailing dimensions attained by the teeth of that species. 
The St. Louis specimens are even more like the Keokuk teeth so 
far as it is possible to judge from the few examples thus far ob- 
tained. The collection of Mr. Van Home contains a fragment of 
the mandibular posterior tooth, from Alton, and Prof. Worthen has 
obtained from the same horizon in Monroe county, an almost entire, 
though somewhat crushed and distorted, example of the opposed 
tooth belonging to the left ramus of the upper jaw, in which the 
keel along the crest of the coronal ridge is well shown. The char- 
acter of the punctffi is also vei^ similar to the Keokuk teeth, both 
of the specimens hero alluded to being a little under medium size 
as compared with the Keokuk examples. 
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Mr. Van Home has obtained from the Warsaw beds in the neigh- 
borhood of the mouth of Piasa creek, above Alton, two specimens 
of the maxillary terminal form, but, unfortunately, they are in too 
imperfect a state of preservation for the satisfactory determination 
of their specific identity. They are quite peculiar for the exceed- 
ingly crowded punctation, and one of the specimens shows quite 
distinct widely spaced transverse undulations traversing the coronal 
surface, recalling Deltodm cingvlatus, N. and W., of the Chester 
limestone. 

The Warsaw beds at Warsaw have also yielded a large example 
of the mandibular median form, which is difl&cult to distinguish 
from the same form associated with Deltodus occidentaliSy except that 
the principal ridge is very perceptibly more broadly rounded or 
depressed along the crest and the alate lobe relatively stronger and 
a little more prominent; the antero-lateral border is broken away 
so that it is not clear how closely it resembles the typical examples 
of the species with which it is here compared as well as its 
resemblance to the form referred to under the head of D. trilohuSy 
from which it differs in its more robust build and less emphasized 
coronal prominence. 

The specific identity of the teeth above alluded to, if it proves to 
be well founded, is of enhanced interest on account of the evidence 
they furnish on the perpetuation of the species unchanged for so 
long a period as that involved in the deposition of probably not 
less than 300 feet of sediments included between the earlier and 
the latest deposits in which its remains have been found, while 
other species subsequently appear both in the Warsaw and St 
Louis formations. 

Geological position and localities : Warsaw limestone ; Warsaw, 
Alton, and Jersey county. 111. : St. Louis limestone ; Alton, and 
Monroe county. 111. 



Deltodus parvus, St. J. and W. 

PI. IX. Fig. 1-6. 

Teeth of small size. Mandibular posterior form sub-trapezoidal in 
outline, rather strongly arched and inroUed, usually a little longer 
than wide. Antero-lateral border with a slight incurved outline, 
basal portion slightly channeled and limited above by the narrow 
enamel fold; inner margin forming nearly a right angle with the 
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anterior border, broadly rounded with a slight sigmoidal curvatare 
on nearing the slightly produced posterior angle of the alation; 
posterolateral border gradually converging toward the outer margin 
and bordered by a rather strong fold of the coronal enamel. Crown 
broadly arched over the principal ridge, which occupies two-thirds 
or more of the entire area, posteriorly rapidly sloping into the de- 
pression on that side, which is bordered by the relatively narrow, 
slightly upraised alate expansion. The surface is interrupted by 
transverse sulci, especially noticeable near the border in the ante- 
rior slope and in the posterior depression, and minutely and uni- 
formly punctate. A worn specimen of ordinary size measures in 
length along the anterolateral border about 7 mm. ; greatest breadth 
across inner margin, 8 mm. 

Maxillary posterior teeth trigonal in outline, strongly arched and 
spirally inroUed. Anterolateral border describing a gentle sigmoidal 
curvature, basal portion channeled and well defined from the strongly 
inbeveled coronal fold, which constitutes about one-third the height 
of the border; posterolateral border gently arched, approaching 
point of inroUment at an angle of about 70"^ with the opposite side, 
relatively deep, basal portion slightly inbeveled to the inferior edge 
and faintly channeled, enamel fold relatively wide and sharply 
rounded above, inbeveled below; inner margin making an angle of 
about 30^ with the anterior border, the anterior half very obliquely 
produced backward from the very obtuse anterior angle, rounded 
and sharply deflected at the inner angle or base of the coronal 
ridge nearly at right angles to the anterior course, with a slightly 
concave curvature in passing the posterior depression to the posterior 
angle, worn specimens showing the usual inbeveled inferior edge. 
Coronal contour strongly marked, principal ridge culminating in the 
rounded crest a little anterior of the longitudinal median line; 
anterior slope steep, slightly depressed near the articular border, 
where it flares out into a narrow border fold ; posterior slope regu- 
larly descending with moderate concavity, and merging into the 
posterior depressed belt, which is bordered by the narrow and but 
slightly upraised expansion of the alate posterior border. Besides 
the irregularly elongated pores, the surface is marked by transverse 
sulci and intervening wider ridges in the same manner noticed in the 
mandibular teeth. A mature, perfect tooth measures across the 
inner margin 1) mm. ; length along antero-lateral border to the in- 
rolled outer margin, 7 mm. ; length along coronal axis, 18 mm. 
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The present species is represented by several examples of the 
mandibular and maxillary posterior forms, whose perfect state of 
preservation permits of detail comparison with allied species. It 
bears most intimate relations with DeUodus cinctulus of the Warsaw 
beds, the mandibular teeth being chiefly distinguishable by the pro- 
portionately greater breadth of the principal coronal ridge, narrower 
posterior wing, and the more numerous transverse furrows and 
ridges; in the case of the maxillary posterior form, it contrasts 
with that of the above species in the relatively more prominent 
coronal ridge, narrower alation, abrupt deflection in the course of 
the inner margin, and the less conspicuous, narrow transverse 
undulations traversing the coronal region. 

A single imperfect specimen of a minute tooth obtained by one 
of the writers at St. Louis, is provisionally identified with the narrow 
median form of the mandible of the present species. Partaking in 
an intimate degree of the outline and coronal contour of the median 
teeth characteristic of the genus, as it is now interpreted, its small 
size suggests relationships with the specific forms above alluded to. 
It shows the prominent, rounded coronal ridge, narrow alate postero- 
lateral border, and the still narrower and shorter articular border 
of the opposite side, but the mutUated condition of the specimen 
does not disclose the distinctive specific characters that distinguish 
it from congeneric forms. 

Geological position and localities: St. Louis formation ; Pella, Iowa ; 
Alton, Illinois; St. Louis, Missouri. 



Deltodus intermedius, St. J. and W. 

PI. IX. Fig. 14. 15. 

Teeth attain medium size. Maxillary posterior form sub-triangular 
in outline, rather strongly arched and inroUed. Antero-lateral border 
slightly curved sigmoidally, articular edge very narrow, inbeveled to 
the slightly channeled, shallow basal rim; postero-lateral border 
converging toward inrolled outer margin at an angle of 85"^ with the 
opposite side, somewhat undulated, the relatively thick enamel fold 
sharply inbeveled to the channeled, posteriorly expanded basal rim, 
which is rather strongly produced at the subacute, rounded posterior 
angle ; inner margin strongly produced inward and slightly backward 
from the very obtuse angle at the junction of the anterior articular 
border, suddenly deflected nearly at right angles and broadly arched 
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round the base of the coronal ridge, with a slight concavity in the 
region of the posterior depression, inferiorly inbeveled. Coronal ridge 
relatively narrow, steeply rising from a faint depressed line near the 
anterior edge, crest rounded, gradually descending into the posterior 
wide depression, which is bordered by the moderately upraised 
alation. Surface nearly smooth, with obscure transverse lines along 
which the punct^ exhibit elongated or otherwise enlarged openings, 
rarely anything like undulations appearing. Length along crest of 
coronal ridge to inroUed outer margin about 81 mm. ; length of 
anterior articular border 18 mm. ; greatest breadth across inner 
margin 21 mm. 

The collections from St. Louis horizons afford a solitary authentic 
example only of the present form, the nearly perfect tooth above 
described. This is quite distinct from the earlier-occurring species, 
and offers striking resemblance in coronal contour with.lhe smooth 
individuals of Deltodus cingulatus, N. and W., of the Chester forma- 
tion. It is, perhaps, distinguishable from the latter species by the 
somewhat less produced posterior angle, less elevated coronal ridge, 
and shorter articular edge of the antero-lateral border. A single 
other imperfect example has been obtained by Mr. Van Home from 
the same formation at Alton, Illinois, which represents the mandi- 
bular posterior form possibly of the same species. The fragment 
indicates a tooth of a relatively long, narrow outline with a rather 
oblique inner margin in front, a broad gentle slope descending from 
the crest of the coronal ridge to the deep, inbeveled coronal fold of 
the articular border, the opposite tlauk abruptly descending into the 
posterior depression; the alation, as also the outer margin of the 
tooth, is broken away. 

Geological position and localities: St. Louis formation ; Pella, Iowa, 
Alton, Illinois. 

Deltodus Powelui, St. J. and W- 

Pl. X. Fig. 1. 

Teeth attain medium size. Mandibular terminal form snbspatu- 
late in outline, moderately arched longitudinally and rather strongly 
iniolled at the outer margin. Antero-lateral border gently incurved, 
enamel fold strongly inbeveled to the channeled basal rim ; postero- 
lateral border gradually converges toward outer inroUed margin, 
making an angle of about 23'' with the anterior border, the rounded, 
inbeveled enamel fold well defined by a narrow sulcus from the 
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shallow basal portion, which is somewhat expanded posteriorly; 
inner margin broadly and regularly arched round the base of the 
coronal prominence from the obtuse anterior angle, with a rather 
deep concaye course in the region of the posterior depression, join- 
ing the posterior border in a subacute angle, inferiorly inbeveled. 
Coronal ridge prominent, occupying the anterior two-thirds of the 
area, and culminating in the broadly rounded crest a little anterior 
of the median line; anterior slope regularly convex, the posterior 
declivity more abruptly descending into the relatively narrow pos- 
terior depression, which is defined by the narrow, moderately up- 
raised, rounded alate lobe. Surface traversed by well-marked, widely 
spaced transverse furrows, especially noticeable in the coronal prom- 
inence, which are occupied by irregular transversely elongated pores, 
below intervening undulations showing minute, widely spaced punctse. 
Length of anterior articular border at least' 17 mm; breadth across 
the inner margin 20 mm. 

The unique example above described was obtained by Maj. Powell's 
expedition to the Grand cafion of Colorado, from the Carboniferous 
limestone. With the exception of the outer extremity, the specimen 
is quite entire, admitting of satisfactory comparison with alUed forms. 
Of the latter, it is, perhaps, most intimately related to Deltodus cingu- 
latus, N. and W., of the Chester formation, being distinguished chiefly 
by its proportionately greater breadth compared to the length of the 
tooth, narrower and more widely spaced transverse sulci, and nar- 
rower alate lobe. It also differs from D. Mercuril, Newb., in the 
same respects relating to the diametral dimensions and in the dis- 
tinct transverse undulations of the coronal region, — indeed, the only 
feature which it shows in common with that species being the nar- 
row posterior alation. 

We have described in another place, under the specific designation 
Deltodm propinqum, a fine large species from the Coal Measures of 
Illinois, which, so far as relates to the homologous form, bears most 
intimate resemblance with the present tooth. The only appreciable 
distinctions by which the latter teeth may be distinguished consist 
in the greater obliquity of the inner margin and the undulations 
traversing the crown, — indeed, worn examples, in which the longitu- 
dinal undulations are obsolete, are hardly recognizable from the tooth 
above described. 

The specific designation is given in honor of Major J. W. Powell, 
U, S. Geologist, in charge of the geographical and geological explor- 
ation of the Rocky Mountain region. The unique type is deposited 
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in the National museum, at Washington, the loan of which, for ex- 
amination, was kindly procured us by Dr. Charles A. White. 

Geological position and locality: Carboniferous hmestone, probably 
of the age of the Coal Measures ; Grand canon of the Colorado, Utah 
territory. 

Deltodus propinquus, St. J. and W. 

PI. X. FiK. 3. 4. 

Mandibular posterior teeth sub-trigonal or sub-spatulate in outline, 
rather strongly arched longitudinally, with slight, spiral inrollment. 
Antero-lateral border sigmoidally curved, strongly inbeveled, and oc- 
cupied by a wide enamel fold, which is sharply defined by a deep, 
narrow furrow from the extremely narrow basal rim ; postero-lateral 
border converging, at an angle of 35- more or less, to the opposite 
border, also gently curved, coronal enamel forming a prominent, 
rounded fold, inbeveled to the sulcaied, moderately deep basal rim, 
which was apparently continued posteriorly into a spur-like angle; 
inner margin sigmoidally curved, broadly arched around the base of 
the coronal prominence, in breadth exceeding the length of the an- 
terior articular border, inferiorly inbeveled. Coronal prominence oc- 
cupying three-fourths of the area, rather strongly convex laterally, 
broadly rounded along the crest, which hes a little anterior of the 
median line, the wide anterior slope rounded into the anterior border, 
posteriorly steeply inclined into the narrow depression on that side, 
defined along the posterior border by the narrow, rounded, mod- 
erately-upraised alate lobe. Coronal surface traversed by rather 
strong, irregularly-spaced, transverse undulations and longitudinally 
marked by less distinct plications; the dense, polished enamel also 
presents a delicate rugose appearance, the minute rugfe having a 
longitudinal direction; worn surfaces over the outer portion of the 
crown reveal the usual pitted structure, the punctfe becoming con- 
fluent, or usually lonj2:itudinally elongated in the hollows of the 
transverse undulations. A large tooth shows a transverse diameter 
across the inner margin of 35 ram ; length of anterior articular border 
from the obtuse inner angle to the point of inrollment, about 27 mm. 

Mandibular median form known only from a couple of fragments, 
too imperfect for figuring. It is characterized by the prominence 
of the anterior lobe, which presents a rounded crest defined on either 
side by exceedingly abrupt declivities, on the one hand descending 
to the anterior border which is margined by an obscurely defined 
narrow fold strongly inbeveled to the deeply-channeled basal rim. 
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and on the other merging into the posterior depression, whose poe- 
tero-lateral border is broken away, as also the inner and outer por- 
tions of the tooth. The form was evidently sub-cuneate in outline. 
The coronal surface exhibits the same punctate characters noticed 
in connection with the terminal form ; however, the transverse undu- 
lations are less conspicuous. The relative size agrees with the pre- 
ceding form with which it was associated. 

Posterior tooth of the upper jaw elongate triangular in outline, 
rather strongly arched from within outward, and spirally inroUed. 
Anterior articular border comprising, perhaps, two-thirds of the great- 
est length of the tooth from the inroUed outer margin to the very 
produced inner angle at the base of the principal coronal ridge, 
gently curved sigmoidally, the narrow enamel fold strongly inbeveled 
to the deeply-channeled, shallow basal rim; postero-lateral border 
converging at an angle of 45*^, more or less, with the anterior artic- 
ular border gently curved, the thick enamel fold rounded and 
sharply inbeveled to the correspondingly deep, flaring basal border, 
from which it is defined by a deep sulcus; inner margin making a 
slight angle with the articular border in front, suddenly deflected 
nearly at right angles in rounding the base of the coronal ridge, and 
thence passing to the posterior angle with a slight concavity in the 
region of the posterior depression, worn specimens inbeveled inferi- 
orly. Principal coronal ridge culminating in a rather sharply rounded 
crest about one-fourth the distance from the anterior border, pre- 
senting a steep convexity descending to the shallow depressed belt 
bordering the articular fold, on the opposite side gently descending 
into the wide posterior depression from which abruptly rises the 
narrow, transversely arched alate expansion, and from which it is 
defined by a distinct angulation. The coronal surface is more or 
less regularly undulated transversely, producing a nodose appearance 
along the crest of the principal ridge. The character of the deli- 
cately rugose enamel enveloping the inner portion of the crown, and 
the punctation of the outer worn surface, is precisely as observed in 
the opposed teeth of the mandible. In both forms, also, the smooth 
or faintly longitudinally striated inferior surface approximately con- 
forms to the contour of the coronal region, showing the usual dense 
thin basal layer. Length of a large tooth along the anterior articu- 
lar border to inrolled outer margin, 32 mm. or more ; greatest length 
of tooth along the crest of the coronal ridge, 58 mm. ; breadth be- 
tween inner angles of the tooth, about 51 mm, ; ditto, between base 
of coronal ridge and the sub-acute porterior angle, 89 mm. 
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The above diagnoses are based upon examples of the mandibular, 
posterior and median forms, and the posterior form of the upper 
jaw, derived from lower Coal Measure strata of Illinois, The species 
is intimately allied to that occurring in the Chester formation, Del- 
todns cingulatus, N. and W. The mandibular terminal form, how- 
ever, is distinguishable by its stouter proportions, wider coronal 
ridge, and relatively shorter longitudinal diameter. The opposed 
teeth of the upper jaw, again, diflfer from the corresponding Chester 
form in the more prominently transversely arched alation, in which 
particular it bears closer resemblance to D. undulatus, N. and W., 
of the Keokuk limestone, from which, however, it widely differs in 
the more angularly rounded contour and concave posterior slope of 
the principal coronal prominence. The Coal Measure forms of the 
Upper Mississippi region, therefore, constitute a well defined species, 
as distinguished from the several specific groups occurring in the 
various formations of the Lower Carboniferous groups in the same 
region. Its intimate resemblance to the species described from the 
(probably) Coal Measure limestone of the Far West, Z>. Poicellii^ 
has already been remarked upon. It is possible that a larger suite 
of specimens of the latter species might prove its specific identity 
with the present teeth; but this can only be demonstrated by the 
comparison of all the forms. 

Geological position and localities: The first example of the present 
species that was brought to our notice, several years ago, was dis- 
covered by Mr. L. A, Fuller in the shales overljring Coal No. 7, at 
Danville. Subsequently, Mr. Alexander Butters obtained from the 
roof shales of Coal No. 5, at Carlinville, representatives of all three 
of the forms thus far identified as pertaining to this species. 



Genus DELTODOrSIS,* St. J. and W. 

Teeth possessing coronal contour and general aspect near Deltodus. 

Mandibular posterior teeth distinguished by their oblique sub-tri- 
angular outline and the remarkable obliquity of the anterior portion 
of the inner margin, proportionately short extent of the anterior 
articular border, the sometimes longitudinally depressed condition 
of the anterior slope of the coronal prominence, and the tendency 
to produce a more or less well defined median ridge along its sum- 



*In' allusion to u rcsomblaaco to Veltodus. 
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mit. The antero-lateral and postero-lateral borders are marked as 
in Deltodtis. The coronal fold of the articular border, perhaps, more 
rounded and relatively narrower than that of the postero-lateral 
border. 

Teeth, identified with the median form of the mandible, are char- 
acterized by their thin, oblique, trapezoidal figure, great length of 
the posterior, as compared with that of the anterior, articular bor- 
der, and its strong outward and forward obliquity. The basal rim 
and enamel fold corresponding in co-adaptation with the opposed bor- 
der of the posterior or terminal tooth, and essentially like the thin- 
ner and very short antero-lateral border ; inner margin very oblique 
from the subacute posterior angle forward to the obtuse anterior 
angle; coronal surface comparatively plain, or culminating in a low 
ridge near the posterior side. 

The maxillary posterior teeth are characterized by their elongate, 
wedge-shaped outline, narrow inner margin, and the narrow posterior 
alation. The postero-lateral or oblique border shows the basal por- 
tion iubeveled» channeled, and defined above by a distinct, inbeveled 
enamel fold; the opposite articular border is relatively short and 
mostly enveloped in the enamel fold, beneath which projects the 
narrow basal rim; the inner margin, as in the corresponding form 
of Deltodus, is veiy oblique in its course from the very obtuse angle 
of the articular border backward to the base of the coronal ridge, 
where it is abruptly deflected at right angles, thence to the posterior 
extremity. The crown presents e simple prominence or ridge along 
the anterior side, with abrupt slope to the articular border, and 
behind, descending into a shallow depression, from which rises the 
narrow wing expansion. 

The superficial punctation is very like that observed in DeltoduSy 
with similar specific modifications. 

There exists so intimate relationship between the forms here 
alluded to and typical Deltodus that we have hesitated in recog- 
nizing for them more than a subgeneric distinctness. But taking 
into consideration the community of characteristics by which they 
are distinguished, and which equally serve to distinguish them from 
Deltodus, this discrimination seems to be founded in tangible super- 
ficial characters that fail not to impress the observer with their im- 
portance. The greater the familiarity with the various examples 
embraced under this group, the differentiation, or tendency thereto, 
of the median ridge of the anterior coronal prominence further 
widely departs from typical Deltodus, while at the same time it 
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marks an uDmistakable approach to the coronal condition of certain 
forms near Cocldiadug, e.g. Ckitonodus Springeri, etc. Of other dental 
forms which were associated with the above-mentioned teeth of the 
mandible and upper jaw, respectively, we are st the present time 
at a loss to determine their character or identity. 

Authentic examples of the forms here associated together have 
been derived from the Warsaw, St. Louis and Chester formations ; 
certain forms representing mandibular posterior teeth have also been 
obtained from the Keokuk formation, bat their relations with the 
present genus are not as satisfactorily shown as in the case of the 
later introduced forms alluded to. DeUodut anguttaa, N. and W., of 
the Cheater limestone, which was originally described from examples 
of the elongate posterior teeth of the upper jaw, is regarded as a 
typical representative of the present genus. 

Through the courtesy of Lord Enniskillen we have had opportunity 
to compare the American forms with sketches of a large "palate" 
from the Carboniferous limestone of Oreton in Shropshire, England, 
which seems to be congeneric with the teeth above grouped together, 
and the monarch of its kind. Possessing the same outline and gen- 
eral contour of coronal region attributable to the maxillary posterior 
teeth of DeUodopBit, the Oreton example is distinguished by its truly 
gigantic proportions, and, perhaps, also by its relatively narrow 
jateral diameter and the very steep declivity descending to the an- 
tero-lateral border. The tooth from which the above mentioned 
sketch was made represents the posterior angle of the wing rounded, 
as though from wear. The specimen measurcB in greatest length 
nearly 9 centimetres, breadth across the inner margin about 4 cen* 
timetres. 

DELTODorsis AFPiKis, St. J. and W. 

PI, XI. FiB. I. 

The species here alluded to is represented by a solitary example 
of the posterior tooth of the mandible. Comparison reveals most 
intimate relationship with the species occurring in the St. Louis 
formation, Deltodopsis St. Liul'inci. It is characterized, however, in 
contradistinction to that species, by the relatively great breadth of 
the posterior depression and wing expansion, the narrower and dis- 
tinctly transversely depressed anterior slope of the coronal promi- 
nence. The coronal surface is worn, so that the punctie appear 
somewhat coarser and more regular, while the transverse undula- 
tions are very like what occurs in the latter species. Length from 
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the inner angle of the coronal ridge to the inroUed outer extremity, 
about 11.5 mm; greatest breadth across inner margin, 9 mm. 

As yet other forms which were probably associated with the above 
tooth have not been recognized. Indeed it is only within a recent 
date that the Warsaw beds have afforded many fish remains, and 
in most instances these represent forms peculiar to the formation. 

Geological position and locality: Warsaw shaly limestone, Golden 
Bluffs, near Warsaw, 111. 



Deltodopsis St. Ludovici, St. J. and W. 

PI. XI. Fiff. 2-6. 

Mandibular posterior teeth depressed, triangular in general outline, 
moderately arched longitudinally and inrolled. Anterolateral border 
comprising a little more than one-third the extent of the tooth 
along the coronal ridge, gently curved from within outward, basal 
rim slightly furrowed and bordered by the distinct, narrow, inbeveled 
enamel fold; inner margin in front diverging at a shght angle from 
the anterior angle to the base of the coronal ridge, round which it 
is sharply curved with a slightly concave course to the acute pos- 
terior angle of the alate expansion, inferiorly inbeveled; postero- 
lateral border gently arched, gradually converging toward the sud- 
denly inrolled outer extremity, the narrow inbeveled enamel fold 
distinctly defined from the nearly vertical channeled basal border. 
Coronal prominence culminating in an obtusely rounded ridge near 
the median line, anterior broad slope nearly plane or slightly con- 
vex, more abruptly sloping into the depression on the opposite 
side, which is bordered by the moderately upraised narrow alate 
expansion of the postero-lateral border. Crown surface minutely 
and somewhat irregularly punctate, unworn surfaces showing 
numerous delicate transverse furrows parallel with the inner margin 
and producing a slight undulated appearance; in some examples 
the exfoliated enamel reveals a surface delicately striated by wavy 
threads holding the same course as the undulations. A tooth of 
medium [size measures along the articular anterior border to 
point of inrollment 8.5 mm; transverse diameter across inner mar- 
gin 13.5 mm; length along crest of coronal ridge 19 mm. 

Mandibular median tooth subtrapezoidal in outline, moderately 
arched longitudinally, outer extremity strongly inrolled spirally for- 
ward. Postero-lateral border gently curved conforming to the 
11 
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punctation and undulations and the delicate transverse tracery 
observed in partially exfoliated surfaces, especially of the wing ex- 
pansion. A specimen of the ordinary size measures in extreme 
length along the coronal crest 23 mm ; antero-lateral border about 16 
mm; breadth across inner margin 8 mm. 

The present species is of peculiar interest on account of the 
facts it affords in relation to specific diferentiation and the inti- 
mate resemblances that exist between the individuals of allied 
species. Thus, compared with the Chester form there exists mark- 
edly close resemblance between the mandibular posterior teeth, the 
chief distinction in the present form being its, perhaps, less oblique 
inner margin, the peculiar coronal ornamentation and less regular 
punctate structure. But in relation to the maxillary posterior teeth 
of the two forms, a marked difference is apparent, the present form 
being relatively much more elongate longitudinally and proportion- 
ately narrower, while the proportionately narrow, plane or slightly 
convex anterior slope contracts with the wide, gently concave 
declivity characteristic of the Chester teeth. 

Geological position and localities: St. Louis formation; Pella, 
Iowa, Alton and other localities in Madison and Monroe counties. 
Black's Hill, Hardin Co., 111., St. Louis, Mo. 



Deltodopsis angustus, (N. and W., sp.) 

PI. XI, FlK. 7-10. 
Deltodus angustus, Newberry and Wobthen, 1870, 111. Geol. Surv. IV, p. 368, PI. ill. f. 7. 

Maxillary posterior teeth subcuneate in outline, very moderately 
arched longitudinally, except at the inroUed extremity. The antero- 
lateral articular border comprising somewhat more than half the 
extreme length of the tooth, defined by the thick, rounded enamel 
fold, which is strongly inbeveled to the shallow, channeled basal 
rim ; inner margin very obliquely produced backward from the ob- 
tuse anterior angle, where it unites with the antero-lateral border, 
sharply arched round the base of the coronal ridge, with a slight 
sigmoidal curvature thence to the posterior angle nearly at right- 
angles to the anterior portion; postero-lateral border gently curved 
from a right line, very gradually converging toward the inroUed ex- 
tremity ; coronal enamel forming a very narrow, inbeveled fold, well 
defined from the shallow-channeled deep basal border, which is 
usually inbeveled, — probably in perfect specimens nearly vertical, 
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or slightly produced beyond the coronal limits posteriorlj'. Anterior 
ridge occupying more than half the transverse diameter of the cor- 
onal surface, transversely arched, abruptly sloping in front to the 
anterior articular border, more gently declining into the posterior de. 
pression from which the suddenly-upraised, narrow alate lobe is de- 
fined by a distinct angulation. Surface minutely and closely punc- 
tate, and further marked by more or less distmct transverse undu- 
lations conforming to the inner margin, usually obsolete over the 
greater extent of the coronal region. A specimen of ordinary size 
shows a length along the coronal ridge oE about ii mm ; transverse 
diameter at tbe inner margin, 11 mm. 

Posterior tooth of the mandible proportionately agreeing in size 
with tbe opposed mamillary teeth, trapezoidal in general outline, of 
great transverse diameter at the inner margin as compared to the 
length along the autero-lateral border, strongly inrolled and arched 
longitudinally. An tero- lateral border obliquely produced outward and 
forward from the obtuse inner angle, enamel fold forming a narrow, 
rounded belt inbeveled to the slightly-channeled basal rim, which it 
equals in depth ; inner margin very obliquely produced backward 
from the anterior angle, broadly arched round the base of the cor- 
onal prominence with a slight concavity in passing the posterior 
coronal depression into the moderately produced, acutely rounded 
posterior extremity, iuferiorly inbeveled ; postoro-Iateral border very 
rapidly converging toward the outer inrolled margin, gently curved 
and nearly parallel with the anterior half of the inner margin, the 
narrow, raunded enamel fold inbeveled and defined by a slight sulcus 
from the basal portion, which forms a shallow rim projecting down- 
ward and outward well beyond the coronal border,— in worn ex- 
amples inbeveled. Crown traversed nearly centrally by a rather 
prominent regularly transversely arched ridge, the broad slope de- 
scending to the antero-lateral border, somewhat depressed, more 
aimiptly sloping into the posterior depression, beyond which rises 
the moderately upraised alate expansion of the postero-lateral Ikit- 
der. Surface closely and regularly punctate, mature individuals, 
especially those in which the exterior layers have been exfoliated, 
showing more or less distinct crowded rujice parallel with the inner 
margin of the tooth. In both of the above described forms a tend- 
ency to compression or elongation of the puneta> is observable, in 
the transverse furrows presenting a very delicate tracery in some 
specimens. A specimen of ordinary size measures across the inner 
iniirgin ISmm, ; length of autero-lateral border to the inrolled outer 
margin, 8 mm, 
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The dozen or so examples of each of the above described forms 
contained in the collections, offer facilities for acquiring a somewhat 
comprehensive understanding of their characteristic features, which 
are remarkable for their persistency, the individuals presenting com- 
paratively slight variation among themselves. Although associated 
in the same strata, in every instance thus far observed the teeth 
occur as isolated specimens disconnected from their original position 
in relation to one another. Therefore, in regard to the assumed 
specific identity of the forms here alluded to, the presumptive evi- 
dence is precisely the same as allowed in the association of forms 
in other specific groups, the justification of which is derived from 
what is known in relation to the diverse dentition of Cochliodus, In 
the present species, however, we are as yet unable to determine the 
character of the teeth holding anterior positions upon the jaws. In 
the case of the mandibular terminal or posterior teeth, the relatively 
short articular border necessitates a corresponding abbreviated longi- 
tudinal diameter for the tooth immediately in advance ; and so, also, 
as regards the maxillary teeth, which latter may have been associ- 
ated with teeth whose form bears the remotest suggestion of their 
relationship with the teeth described. 

Geological position and locality : Chester limestone, Chester ; and 
near Columbia, Monroe county, Illinois. 

Deltodopsis? convolutus, St. J. and W. 

PI. XI, Fig. n-ijj. 

Teeth obliquely subtrigonal in outline, strongly arched from within 
outward, with strong spiral inroUment. Antero-lateral border making 
a gentle sigmoidal curvature in its slightly ol)lique forward and out- 
ward course, basal portion very deep, broadly channeled, terminat- 
ing below in a narrow rim, and bordered above by the rounded, 
inbeveled enamel fold which constitutes about one-third the height 
of the border; postero-lateral border converging at a variable angle 
of 50^ to 70\ mature individuals being relatively narrower than 
medium, and small-sized teeth, obliquity somewhat greater than 
that of the opposite side, basal portion deep and rather deeply chan- 
neled, the lower edge expanding posteriorly beyond the rounded, 
inbeveled enamel fold, which envelopes the upper third of the height 
of the border; inner margin making a slight sigmoidal curvature 
from the obtuse anterior angle to the base of the coronal ridge 
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where it is suddenly deflected nearly at right angles to its longer 
anterior course, gaining the posterior extremity in a slightly concave 
course and nearly at right angles to the posterolateral border. 
Coronal region traversed by a prominent, sharply rounded ridge cul- 
minating a little more than one-third the distance from the pos- 
terior border, to which the moderately concave slope abruptly de- 
scends, margined by the very narrow alation, the broad anterior 
slope more gradually declining with gentle transverse concavity in 
the vicinity of the antero-lateral border. Surface more or less dis- 
tinctly undulated transversely, the dense enamel layer toward the 
inner margin as also the worn area marked by impressed, irregu- 
larly-spaced lines of growth parallel with the inner margin ; puncta- 
tion fine and close. A small perfect tooth measures across the 
inner margin 11 mm.; length of antero-lateral border to iurolled 
outer margin 7 mm. 

The above description refers to a form of peculiarly massive 
strongly involute teeth of which there are several well-preserved 
examples in the collections before us. In regard to the specific rela- 
tions of these teeth with other kno^n forms, the facts offer little 
beyond conjecture. So far as relates to the superficial coronal 
futures they otTer no appreciable contrast with Deltodus spatidatusy 
N. and W. : but the value of these resemblances it is impossible at 
the present time to determine. In the present instance we have no 
evidence such as, in the case of Cochliodus, enables the grouping 
together of divers dental forms with, to say the least, strong pre- 
sumptive evidence in support of the interpretations relating to their 
probable arrangement upon the jaws. On the contrary, with respect 
to the deta(thed remains of DcUodus and Sandalodus, although 
unquestionably partaking of true cochliodont characteristics, the 
student must be guided by their general similitude supplemented by 
critical familiarity with the external stinictural features which two or 
more species possesses in common, the persistence of which may 
be inferred from what is known to occur in CocJdiodus and imme- 
diately allied genera ; in order to detect even the possible specific 
relatir>ns of the forms met with. Viewed in this light the associa- 
tion of the present form with the supposed mandibular posterior 
teeth of Deltodus apatidatus seems hij:;hly improbable. The strong 
spiral inrollment and the comparatively narrow, rounded enamel 
fold of the ai'ticular border, are not in consonance with the corres- 
ponding features of the latter form; hence it does not displace the 
inferred relations of the median form ascribed to that species, 
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and which was originally described as the ''third" in the series to 
which the name Coctdiodus costatus was given by Messrs. Newberry 
and Worthen, 

Viewed from a standpoint taking cognizance of such features as 
they possess in common, the form here alluded to offers marked 
resemblance, in the co-adaptation of the articular borders, to the 
form described by Messrs. Newberry and Worthen as the "second** 
tooth of Cochliodius costattis. Essentially the same contour and reversed 
curvature of the articular borders obtain in the two forms which are 
otherwise unusually like in coronal contour, so much so indeed as 
rather to lead to the conclusion that they are distinct species of the 
same representative form, so little do they differ one from the other 
in outline and contour; while in Cochliodus the mandibular median 
tooth widely differs in both these respects from the posterior tooth 
with which it was associated. Also, there is an appreciable differ- 
ence in the punctation of the forms here referred to, that of 
''Cochliodus costatus'' being coarser and more irregular, and the 
general surface contour more uneven and rugged. 

We are at a loss to assign the form here particularly alluded to 
to any of the recognized generic groups. The extreme involution of 
the outer extremity and the obliquity of the postero-lateral border 
do not suggest intimate relations with the median form of Cochli- 
odm ; on the contrary, those features, together with the general out- 
line and conformation of the coronal region, are more consistent 
with the Deltodi, perhaps having closest generic relations with Del- 
todopsis, with the mandibular posterior teeth of which it agrees in 
the obliquity of inroUment, narrow alation, and character of the 
lateral borders. 

Oeological position and localities: Upper Burlington limestone, 
fish-bed strata ; Burlington, Pleasant Grove, BuflBngton Creek, Louisa 
Co., Iowa; Quincy, 111. 

Deltodopsis? inflexus, St. J. and W. 

PI. XI, Fig. 13. 

Teeth obliquely trapezoidal in outline, strongly arched and spirally 
inrolled. Lateral borders converging toward outer margin at an 
angle of about 25^ ; antero-lateral border somewhat obliquely produced 
outward and forward from the obtuse inner angle, character of 
articular edge not known; postero-lateral or obhque border gently 
arched and more or less sinuous, basal portion greatly thickened 
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compared with the relatively thin antero-lateral edge, presenting a 
deep, slightly channeled, inbeveled belt bordered above by the thick, 
rounded enamel fold ; inner margin making an angle of about 30° uitb 
the anterior articular border to the base of the coronal ridge, where it 
ie abruptly rounded and dellected nearly at right angle to its ante- 
rior course with a slight concavity in passing the posterior depres- 
sion to the Bubacute posterior angle. Coronal contour strongly 
marked by the elevated ridge which culminates in a rounded crest 
overhanging the deep, narrow posterior depression, the wide anterior 
slope presenting a slight transverse concavity ; posterior alation 
forms a rounded lobe well detine<l from the groove-like posterior 
depression. Surface showing more or less distinct longitudinal plicse 
in the less worn enamel layer toward the inner margin, and traversed 
by transverse lines and faint undulations ; pnnctfe fine, crowded, 
showing tendency to conform in their disposition to the transyerse 
lines. 

The collections afford only two examples of the above described 
form, neither of which are sufficiently perfect to permit accurate 
measurement of their dimensions, although suEBciently so to allow 
satisfactory comparison with allied species. In size and general 
outline it agrees with its predecessor, Deltodopsis'? romolutus, of the 
Upper Burlington limestone, from which it is distinguished hy its 
appreciably more robust build, and especially by the overhanging 
crest of the coronal ridge or the intlexed slope descending into the 
narrow posterior depression, and the distinctly lohed condition of 
the alation. 

GfoliKj'iml poxilion ami locality: Keokuk limestone; Warsaw, Illi- 



Dkltohoi'SIs ? EXORNATi's, St. J. and W. 

PI. XI, Fii:. M. 

Teeth small, subtrigonal in outline, strongly arched longitudinally, 
and very strongly inrolled spirally. Antero-lateral border propor- 
tionately short, liasal portion channeled and bordered by the thick- 
ened, inbeveled enamel fold ; postero-lateral border rapidly converging 
toward outer inrolied marj^in ; inner marj,'in, from the obtuse anterior 
angle, very oidiiptely dette<fted backward in a slightly concave curva- 
ture, abruptly rounded at the base of the coronal ridge, with a 
shiillow concavity thence to the posterior angle ; coronal ridge prom- 
inent, the sharply rounded crest culminating nearest the postero- 
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lateral border, from which it is separated by a relatively narrow 
intervening depression, which is bordered on the one hand by the low, 
narrow alation, and on the other by the abrupt posterior slope of the 
coronal ridge, the wide anterior slope descending with gentle con- 
cavity to the narrow raised fold along the antero-lateral border. 
Surface regularly marked by strong transverse ridges or undulations 
spaced by narrow grooves parallel with the inner margin, and 
enveloped in a dense enamel layer, the worn areas showing coarfie 
widely-spaced punctie. Transverse diameter across the inner margin 
about 8 mm. ; length of antero-lateral border to joint of inrollment, 
about 4 mm. 

The form above noticed is represented in the collection of Mr. 
Van Home by a single specimen, the postero-lateral border of which 
is broken away, so that the entire outline of the tooth is not shown. 
In general outline and coronal contour, it bears intimate resemblance 
to a congeneric form of the Upper Burlington, Deltodop^is (?) convo- 
lutus; it may, however, be distinguished from that form by the 
greater obliquity of the anterior portion of the inner margin, the 
probable greater width and more distinct definition of the posterior 
alate lobe, and the strong transverse undulations of the crown to 
which it owes its ornate character. 

Geological position and locality: Warsaw limestone ; north of Piasa 
creek, above Alton, Illinois. 

Deltodopsis ? BiALVEATUs, D^ ? Keokuk, and D. ? convexus. 

PI. XI, FiK. 15-18. 

Teeth wedge-shaped viewed from above, moderately arched in the 
direction of inroUment. Lateral borders deep, very gradually con- 
verging from within outward with a slightly oblique course ; basal 
portion proportionately very deep, channeled above, with a wide 
slightly inbeveled belt below, terminating in a more or less sharply 
rounded rim defining the excavated and sometimes longitudinally 
furrowed inferior surface, defined above by the relatively narrow, 
rounded, inbeveled enamel fold; inner margin obliquely and gently 
rounded from the obtuse anterior ( ?) angle to the subacute angle of 
the oblique border; coronal belt sharply inbeveled to the deep, 
slightly produced basal portion. Coronal region usually a little 
narrower than the base, which extends slightly beyond the limits of 
the enamel fold in the lateral borders, the worn outer surface pre- 
senting a pimple lateral convexity, but in the middle and toward 
the inner margin showing more or less distinct, subangular sulci 
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separated by a low median ridge. Surface marked by more or less 
distinct lines of growth parallel with the inner margin, and coarse, 
irregular and irregularly elongate or confluent punctie. A medium- 
size tooth measures across the inner margin 6 mm. ; greatest length 
along the obligue border to point of inrollment, 11 mm.; vertical 
depth at middle, 4-5 mm. 

The foregoing diagnosis presents the normal condition of a pecu- 
liar form of teeth which is represented by half a dozen, more or 
less, perfect examples in the collections from the Upper Burlington 
iish-bed. In two of these examples the inner half of the crown 
shows a simple shallow depressed area defined by the slightly 
raised border folds, while a third specimen shows throughout a 
simple transverse convexity of the coronal surface. The latter 
variety also possesses a narrower basal support, and in both f its 
peculiarities it agrees w4th a solitary example in Mr. Springer's col* 
lection from the upper or beds of passage fish-bed of the same form- 
ation. The latter horizon has also afforded Mr. Springer a second 
specimen which is undistinguishable from the variety described 
above. 

Only two or three examples of this form have thus far been de- 
tected in the Keokuk limestone, above which it has not been recog- 
nized. The latter teeth are very like the typical specimens described 
above, showing a similarly double-furrowed coronal surface, the only 
marked distinction consisting in the greater size and more robust 
figure of the Keokuk teeth. 

In consequence of the meagre data relating to this form it is dif- 
ficult to determine the character of the variations alluded to — 
whether they are of specific or merely varietal importance. In the 
accompanying description of the figures illustrating the several vari- 
eties the following provisional terms are employed to distinguish 
them: Deltodopsls? hialveatus, DJ convcxus, DJ Keokuk, 

In the attempt to assign the present form to its proper generic 
relations we are met at the outset by the difficulties incident to the 
meagerness of the material for the purposes of comparative exam- 
ination. The further characterization of the form discloses a slight 
spiral inrollment, the direction of which indicates that the oblique 
l)order is apparently homologous with the postero-lateral border of 
typical Cochliodonts, and with this character is also associated the 
obliquity of the inner margin from the posterior angle to the obtuse 
anterior angle, and the somewhat marked flaring of the inferior 
basal rim on the side corresponding to the antero-lateral border; 



VERTEBKATES. 171 

therefore, it is evident the form held a median, possibly an anterior, 
position probably on the mandible. It remains to ascertain its 
probable associate forms, and here again we are met by the insuf- 
ficiency of .our understanding, which hardly more than suffices 
vague suggestion. All the individuals alike of all the varieties ex- 
hibit a peculiar broad undulate uneven course in the borders of the 
teeth, which toward the outer inroUed margin usually takes the form 
of a more or less distinct sudden constriction or narrowing of the 
coronal region. A very similar character is noticeable in the form 
previously described by Messrs. Newberry and Worthen under the 
name Cochliodus costatus, **second tooth," in which the lateral bor- 
ders are similarly widely undulate and narrowed towards the outer 
margin, where the strongly inroUed extremity has lost its coronal 
enamel presenting the appearance of having been embedded in the 
integument of the jaw, precisely as observed in the form here par- 
ticularly noticed. Further, there is a somewhat striking resemblance 
between the latter forms in respect to the peculiar character of the 
punctation and the rugged surface of the crown, and the relative 
great depth of the lateral border, although in the present form, 
apparently, the depth of the borders is even proportionately greater 
than is the case in *'C costatus'' (''second tooth). Beyond this we 
have not the materials for a more satisfactory comparison, but it 
seems to us not improbable the latter forms originally formed parts 
of the dentition of one and the same species. 

Geological position and localities: Upper Burlington limestone; 
Burlington, Augusta, BuflBngton creek, Louisa Co., Iowa; Keokuk 
limestone; Warsaw, 111. 



Genus TOMODUS, Agassiz. 

PsAMMODUS, Agassiz, 1838, Poissons Fossils III. ; Tomodus, Agassiz, 

Mss. ; 1859, etc. 

The genus Tomodus^ Agassiz, founded upon the species T. con- 
rexxis of the British Mountain limestone, is known to us by one or 
two imperfect examples of the large strongly arched form contained 
in the collections of the Museum of Comparative Zoology, Cam- 
bridge, which, however, do not afford so satisfactory means of com- 
parison as might be desired in the definition of their generic char- 
acteristics. We are, however, indebted to the courtesy of Lord 
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EnniBkillGQ, for the opportunity to examine sketches of the two 
formH of the type Bpecies, from the Mountain limestone of Bristol, 
Euglnnd, Ijelonging to the Museum at Florence Court, which, bo far 
as relates to general outline and coronal contour, convey a tolerably 
distinct impression of the peculiarities distinguishing the genus. 

The Inttcr sketches exhibit examples of two forms, the one and 
apparently that occurring most abundantly, represents an elongate 
tooth below medium size, trapezoidal in outline, with very gradually 
convergintr lateral borders, and moderate convexity from within ont- 
ward. Tlie straight or antero-laternl border presents an abrupt faoe 
with a sharp angulation above, and which seems to be enveloped 
by an enamel belt ; the oblique border appears to be defined by a 
narrow rounded enamel fold inbeveled to the basal rim, which 
expands somewhat beyond the limits of the coronal border, termi- 
nating in the subacute posterior angle ; the inner margin is appa- 
rently very gently, sigmoidally curved between the obtuse anterior 
angle and the posterior extremity, or nearly at right angles with 
the antero- lateral Iwrder. The crown shows moderate transverse 
convexity of the principal prominence along the straight border, the 
slope somewhat steeply descending into the posterior depression, 
which is liordored by the narrow upraised alalion. The second form 
of tooth alluded to under the same specific designation, is repre- 
sentml by luedium-si/.ed example^!, trigonal in outline, and strongly 
arched longitudinally. The antero-iateral or straight border is 
abruptly trmu-ated, apparently vertical, and bordered by a belt of 
coronal enamel, bnsal rim not clearly definable; the obliqne border 
is gently curved, rajiidly converging toward the outer extremity, 
cbaractt'r of eiiamol fold and basal rim not disicemible; inner mar- 
>:in broiuUy and regularly arched between the inner angles, appa- 
ronlly nearly at ri':;lit angles with the straight border. Coronal 
n'lrii'n occupied by the very prominent anterior ridge, which forms 
a flight convexity oxtondinc from the :-harp angulation along the 
utraii^ht border vKisteriorly over two-thirds and more of the trans- 
vt'ijic area of the cvown, whevo the slope abruptly descends to the 
,'liliviuc jvsltro-Iiitoral bord.T. wliich ^bows a very narrow, obscurely 
lii'ihicvl alation. In Kith of the forms abovi- noticed the coronal 
s;;ri;uv is iniunti'ly punclatc. the puncM not arranged along distiDot 
liaus\i'ii;c iiucs. .\ specimen of tho muTow elongate form measures 
in Itiiijtb aloiiu' tlii siraiijht border about IT mm.: breadth across 
tiie iiuur margin 11 mm.: bit<ral bordirs converge toward the outer 
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extremity at an angle of about 25°. A large example of the trigo- 
nal form measures in length along the straight border 31 mm. ; 
breadth across inner margin 27 mm., more or less; lateral borders 
converge at angles of 30° to 40°. 

The above notices of the forms associated by Professor Agassiz 
under the specific designation Toynodus convexus, will, perhaps, also 
serve to convey a tangible idea of the distinctively generic charac- 
teristics ascribable to the genus Tomodm. Its relations are most 
intimate with XystroduSy from which it chiefly differs in the con- 
spicuous convexity of the coronal ridge, the extremely abrupt artic- 
ular border, and the absence of transverse disposition of the punctae 
of the triturating surface. Our knowledge of the genus is so imper- 
fect that we may have overlooked important generic characters, 
which the specimens themselves might reveal at a glance. Viewed 
in accordance with the facts elicited from the data within reach, 
we are led to suspect some confusion exists in the interpretations 
of the limits of the genus, and that in consequence forms have been 
referred to it which have no intimate congeneric relationship with 
Tomodxjis convcxtis. Of the latter, the species described by Dr. 
L. de Koninck in his great work on the Belgian Carboniferous 
limestone fauna,* under the names Tomodus Craigi, and T. lacini- 
atu8, certainly show a wide departure from the typical species 
T. convexus, Ag., while their relations with Pseplvodus are strongly 
suggested to judge from the admirable figures illustrating the Bel- 
gian teeth. The specific identity of the two forms ascribed to 
T. convexus may be also reasonably questioned, since both have the 
general conformation of mandibular teeth, and it is difficult to con- 
ceive how they could have been associated on the same jaw. 

The American form mentioned in this connection, and which is 
provisionally referred to Tomodus^ is the sole representative of the 
genus thus far brought to light in the Carboniferous formations of 
this country. The genus is Carboniferous, restricted so far as is 
known to the earlier group of the series. 

Tomodus ? limitaris, St. J. and W. 

PI. Xni. Fiflr. 12. 

Teeth small, longitudinally elongate, cuneiform in outline, rather 
strongly arched in the direction of inroUment. Antero-lateral bor- 
der gently curved sigmoidally from the obtuse inner angle to the 
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outer extremity, enamel fold relatively deep and strongly inbeveled 
to the channeled basal rim, which is also beveled, in the worn ex- 
ample to the obtuse inferior edge; postero-lateral or oblique border 
similarly gently arched, somewhat undulated, converging at an angle 
of about 8(r with the opposite border, enamel fold rounded and 
inbeveled to the shallow-chamieled basal border; inner margin 
gently arched round the base of the coronal prominence, with slight 
concavity in passing the coronal depression to the sub-acute poste- 
rior angle, inbeveled below. Coronal ridge occupying nearly half the 
anterior coronal area, prominent, gently convex along the broad 
crest, steeply sloped into the posterior depression, where it is 
defined by a slight impressed angulation, posterior alation scarcely 
elevated along the outer border. Surface punctation comparatively 
coarse, irregular, the surface toward the inner margin being trans- 
versely undulated and enveloped in the dense enamel layer. Infe- 
rior surface gently concave, smooth. Breadth across inner margin, 
5 mm; greatest length, 10 mm. 

The unique example furnishing the foregoing description shows a 
nearly entire, though somewhat worn, tooth, representing, perhaps, 
the posterior form of the left ramus of the upper jaw. Its relations 
appear to be near Xystrodus, from which, however, it widely departs 
in the rounded condition of the enamel fold along the straight bor- 
der, and especially in the coarse, irregular punctje, which show no 
sign of arrangement in parallel transverse rows. There also exists 
some likeness to the teeth mentioned under the head of Deltodopsis ( ?) 
convolutuSf from the same formation, so far as relates to the charac- 
ter of the puncta? and appearance of the surface enamel; but the 
tooth in question is not homologous with the supposed maxillary 
posterior form of typical DcltoptychUiSf as evidenced by the quite 
different character of the anterior articular border. In outline, the 
tooth equally resembles Tomodus, as represented by authentic ex- 
amples of T. convcvus, Ag., and this resemblance is even extended 
to the coronal contour ; but we are not suliiciently familiar with the 
character of the articular border in the latter genus to be able to 
determine its exact relations with the form here particularly referred 
to. It is, therefore, with no certain convictions as to their congen- 
eric relations that this example is provisionally placed in the above 
genus. 

Geolnfjlad position and locality : Upper Burlington limestone, fish- 
bed; Pleasant Grove, DesMoines county, Iowa. 
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Genus XYSTKODUS, Agassiz. 

Xystrodus, Agassiz, Mss., 1859 (Cochliodus btriatus, Ag. Poios. 
Fobs. Ill, p. 174; Xystrodus angustus, Ag. Mss., 1859. 

The genus Xyatrodua was recognized by Professor Agassiz in 1859, 
to which he transferred the species previously described under the 
name Cochliodus striaius, Ag., from the Carboniferous limestone of 
Ireland. The later term was accepted by European palteichthyolo- 
gists, and at a later date, 1869, was published in the list of type 
specimens of the magnificent collection at Florence Court, belonging 
to Lord Euniskillen, as also in the lists of the British Museum and 
and other institutions, and incorporated in the great work by Dr. 
Bigsby, the **Thesaurus Devonico-Carboniferous." 

In accordance with the presumptive determinations and nomencla- 
ture adopted in the present work, the original or type of the genus 
Xystrodus striatits is referable to the maxillary posterior form, and not- 
withstanding the opposed mandibular teeth have been obtained from 
the same horizons and localities affording the former, we are not 
aware of their having been specifically identified and described. 
The latter teeth are recognizable by the extreme alation of the 
postero-lateral border, giving to the general figure excessive breadth 
compared to the length in the direction of inroUment. 

The above-mentioned teeth agree in all essential features with the 
forms occurring in the various American Lower Carboniferous forma- 
tions. Especially is this notable in the case of the Chester teeth 
Xystrodus verus, which indeed constitutes a typical representative Of 
the genus. Therefore, from such materials as we possess, the fol- 
lowing diagnoses of the opposed terminal teeth of the upper and 
lower jaws are prepared ; of the other dental forms with which they 
were associated during the life of the fish to which they belonged, 
as yet we have failed to arrive at even a surmise as to their char- 
acter. 

Mandibular posterior teeth distinguished by their triangular out- 
line and great transverse breadth of the inner margin as compared 
with the longitudinal diameter. Coronal surface occupying the entire 
superior area of the tooth, comparatively plain, more or less con- 
cave, or with a longitudinal depression, the coronal prominence 
crowded to the anterior side, nearly flat or but gently convex trans- 
versely, at the opposite border terminating in the expanded, upraised 
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alation. Antero-lateral border slightly curved Bigmoidally, present- 
ing an abrupt declivity from the angularly roucded upper edge, 
beneath which the coronal enamel forms a well detined belt, sharply 
limited by the basal portion, which latter projects downward, form- 
ing a narrow rim along the inferior edge; postero- lateral border 
rapidly diverging from the outer extremity, terminating in the more 
or less produced posterior angle, the upper edge enveloped in the 
narrow enamel fold, which is distinctly defined from the inferior 
basal border ; inner margin making a moderate sigmoidal curvature, 
varying in obliquity to the antero-lateral border, with which it may 
form a, right-angle. 

Maxillary posterior teeth characterized by the relatively narrow 
transverse diameter at the inner margin, and consequent wedge- 
shaped outline. General contour of the coronal region resembling 
that of tlie opposed mandibular teeth, the principal prominence ex- 
tending along the antero-lateral border, slightly convex or plane 
transversely, more or leas steeply sloping into the longitudinal 
median depression, which is bordered on the opposite side by the 
upraised narrow wing expansion terminating in the posterior angle ; 
antero-lateral border gently eur\'ed sigmoidatly, more or less abruptly, 
sometimes vertically, sloping from the angular superior edge at the 
junction with the crown, the enamel forming a belt well defined 
from the basal border which terminates interiorly in a thin rim ; 
the opposite side gradually converges from the posterior angle toward 
the outer extremity, the upper edge enveloped in a distinct, narrow 
enamel fold, and defined by a slight channel from the equally shal- 
low basal border ; inner margin obhque in one or other direction to 
antero-lateral border, with which it also sometimes forms a right- 
angle. 

The triturating surface in the typical species of both the above 
described forms presents a fine transverse striated appearance, pro- 
duced by the arrangement of the punetaj in more or less parallel 
rows, conforming in direction to the course of the inner margin. 
However, the latter feature is not observed as a persistent one over 
the entire extent of the coronal region, even in the typical species, 
while in others it is but obscurely apparent, and in some speeiea 
presumably otherwise agreeing witli the typical forms, the surface 
presents no vestige of the transverse striation, on the contrary ex- 
hibiting the UHual dense punctate structure common to the gener- 
ahty of the Cochliodonts. 
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The genus as herein defined offers intimate relationship with the 
genera Deltoptychiiis and Orthopleurodm, especially in the conforma- 
tion and the distribution of the coronal enamel of the mandibular 
posterior teeth ; but in other and essential characteristics it presents 
unmistakable features removing its forms from any of the groups of 
teeth of contemporaneous genera with which they are associated. 
At the same time we are cognizant of the diversity of the dental 
armature of the jaws of the Cochliodonts, and the * 'missing links" 
which are required in most instances before the restoration of the 
dentition of these genera can be consummated. But the teeth at 
present under consideration do not seem to fall into any such 
recognized combination, as evidenced not only by their peculiar 
contour, but also by the peculiar superficial structure observed in 
the typical representatives of the genus, and which is not found in 
connection with the teeth of other genera occurring in the same 
geological horizons. Hence, notwithstanding only the more conspic- 
uous elements of the dentition of this genus are, at present, known, 
these are marked by peculiarities which seem to warrant the recog- 
nition of their distinct generic standing. 

While we have not the data necessary for carrying the compari- 
sons to a final conclusion, we are much impressed by the inti- 
mate resemblances which subsist between the present genus and 
Tomodus, Agass. A series of careful sketches of authentic examples 
of Tomodm convexics, Agass., from the Mountain limestone of Bristol, 
England, and which were kindly submitted to us by Lord Enniskillen, 
show this relationship in a striking manner. The genus Tomodus, 
indeed, appears to be a Xystrodtis in all save the arrangement of 
the punctae in parallel transverse lines ; and in the latter respect 
we find a close, though not absolute agreement, in the initial species 
occurring in the American Carboniferous species A', simplex. 

Thus far ascertained, the genus Xystrodus is met with in both the 
great divisions of the Carboniferous period. One of the writers, in 
1877, described in Dr. Hayden's final report on the U. S. geological 
survey of Nebraska (p. 244, PI. IV, f. 18), a tooth under the name 
Xystrodm? occidentalis. The examination of subsequently acquired 
and more complete suites of the fish- remains of our Coal-Measure 
strata, from the* upper division of which the latter specimen was 
derived, has led us to relegate that particular specimen to the genus 
Ortliopleitrodus, it probably being a very worn example, showing only 
a part of the inner portion of a mandibular posterior tooth of the 
species O. carhonarius, ( — Deltodus anyularis, N. and W.) 

—12 
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Xystrodus simplex, St. J. and W- 

PI. VIII, Fig. i. B. 

Tectli Hmall, trigonal in outline, rather strongly arched from within 
outwarii. Antori.i-hitoral lioi'dcr ver>' slightly curved, presenting au 
abrupt face from the Rhai7) angulation above, and enveloped in a 
rather lUiep folil of the coronal enamel which is more or less dis- 
tinctly dolineil from the deep basal rim; iuuer margin forming 
nearly a right angle with the anterior border, gently sigmoidal in 
curvature with a shallow concavity in the region of the c<»itinal 
dcpreSHi<tu ; postero-hiteral border converging toward point of inroll- 
mcnt at an an^fle of 25" to 30' with the op))oaite border, coronal 
enamel forming a narrow rounded fold inbeveled to the shallow 
basal rim. Coi"onal prominence slightly convex transversely, bordered 
by the abrupt angulation along the antero-lateral side, rather steeply 
sloped posteriorly where it is more or less distinctly defined by a 
slight angulation, or merges into the broad posterior depression, 
which is bordered by the steeply ui)raifled ahition. Surface showing 
ordinary punctate structui-e over the worn areas of the crown, but 
revealing no distinct aiTangcmcnt in transverse parallel rows, in 
which ri'spect these teeth depai-t niot-t widi.l\ from the tj^pical species 
of the genus. Greatest breadth acioss the nmtr margui, 7.5 mm.; 
length along antero-lateral border, 8 5 nnn 

Mr. Springer's collection contains a snigle bpecimen of a long nar- 
row tooth which is supposed to reprtsmt the postenor form pertain- 
ing to the upper juw. In general coional contour it is very hke the 
above described form of the mandible, shoeing the E>ame abrupt 
a lit I'l-o- lateral border, with, howivii, a ichitivclj narrow enamel 
fold, lens steeply upraised alatiim and more gmdually convei-ging 
postero-fateral border, which makes an angle of 20^ with the oppo- 
site border. Tho coronal puiictie show faint traces of transverse 
dispoHiti<m, in which particulars it aiipii>aclieH the tyiucal species of 
Xt/slrtiilus. Length of tooth ahms antero-lateral border about 11.6 
mm.; breadth at inner niLirKin about 7 mm. 

The forms above described, which were doubtless associated upon 
the jaws of the same sxx'cies, white they hold most intimately to the 
outline and coronal contour ascribable to Xpstrodua, as illusti'ated 
both by tho type A'. utrUitng, Agass., of the Mountain limestone of 
Ireland, and the iqually tyi)ical forms from the Lower Carboniferous 
of America, otfer in contrast the absence of distinct transverse 
arrangeiaent of tlie superlicial punctic. But, as has been mentioned. 
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the maxillary posterior tooth shows obscure indications of parallel 
transverse disposition of the puncta?, though it is not nearly to the 
same degree apparent as in the tjTpical species of the genus. 

The present species bears a somewhat striking resemblance to 
Tovwdus convexus, Agass., of the Mountain limestone of Great Britain. 
As has been already intimated, there would seem to be very inti- 
mate relationship between Xystrodiis and Tomodus, the forms of both, 
especially the mandibular posterior teeth, showing the same outline 
and contour of the crown, and chiefly distinguished one from the 
other by the presence or absence of transversely disposed punctaB. 
In the present species the very obscure indications of the disposi- 
tion of the punctffi in rows parallel with the inner margin of the 
teeth might be regarded as a transitional feature connecting the 
more widely differentiated species which are accepted as the typical 
representatives of one or other of the above named genera. 

Geological jio^ition and localities: Upper Burlington Umestone, fish- 
bed; Buffington creek, Louisa county; BurUngton and Augusta 
(Iowa); Monmouth, Illinois. 

Xystrodus inconditus, St. J. and W. 

PI. vni. Fig. 1. 

Teeth very small, or below medium size, somewhat strongly 
arched from within outwards. Antero-lateral border nearly straight, 
or presenting the usual slight sigmoidal curvature, vertical, meeting 
in a sharp angle above, over which the enamel folds in a rather 
deep bell well defined from the basal portion, which inclines slightly 
outward to the thin inferior edge; inner margin broadly rounded, 
with a slight concave curvature in passing the coronal depression, 
the course slightly oblique from the anterior to the posterior angle ; 
postero-lateral border apparently somewhat rapidly converging towards 
the outer extremity, showing the usual narrow enamel fold along 
the upper edge, but oftener mutilated from abrasion. Coronal sur- 
face occupied by a rather wide, shallow depression, the moderately 
upraised posterior wing presenting a relatively wide transverse 
diameter, on the opposite side rising into the gently arched or lat- 
erally convex prominence along the antero-lateral border. ^Triturat- 
ing surface in almost every case exhibiting indications of excessive 
wear, in which even the punctate structure is obscure; along the 
inner margin, however, the teeth often preserve the smooth, dense, 
poUshed enamel coating, but in the middle portion of the crown, 
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where the puuctffi are best seen, they show only obscure indications 
of transverse disposition in more or less irregular parallel rows. 
Length of a medium-size tooth at antero-lateral border about 9 mm ; 
breadth across inner margin nearly G mm. 

The above description is based upon a few imperfect specimens, 
which are supposed to represent the posterior teeth of the upper 
jaw. In general outline and coronal contour they conform to the 
characteristics of the genus. As already remarked, the punct® of 
the triturating surface show an indistinct disposition in transverse 
rows, in which respect the teeth dififer most from typical species of 
the genus, though to not much greater extent than does the St. Louis 
species, Xystrodus imitatns. It differs, however, from either the 
St. Louis or Chester species, X. I'crus, in the relatively greater 
breadth of the inner margin and consequent greater transverse ex- 
pansion of the posterior alation. From the Upper Burlington 
A', simplex it is distinguished by the greater lateral breadth and 
convexity of the anterior coronal prominence. 

The collections have thus far afforded no recognizable examples 

identifiable with the broad posterior teeth of the mandible. 

Geolofjical position and localities: Keokuk limestone, Hamilton and 

Warsaw, 111., Keokuk and Bentonsport, Iowa. 

Xystrodus imitatus, St. J. and W. 

PI. Vin, Fig. 2. 

Maxillary posterior teeth small, triangular or sub-cuneat« in out- 
line, gently arched longitudinally. Antero-lateral border slightly 
curved sigmoidally, forming above a sharp angle with the coronal 
prominence, a narrow enamel belt folding over the upper edge, dis- 
tinctly defined from the basal portion, which is nearly vertical or 
projecting slightly outward, terminating in the attenuated inferior 
edge, which apparently extends nearly the entire length of this side 
of the tooth; inner margin sharply rounded from the anterior angle 
with a slight concavity in its course to the slightly produced pos- 
terior angle, and forming nearly a right- angle with the antero-lateral 
border; postero-lateral border gradually diverging from the outer 
extremity at an angle of about 30" with opposite border, very 
gently curved, the upper edge enveloped in a narrow fold of the 
coronal enamel, occupying about half the vertical height of the 
border. Coronal surface slightly convex in the inner unworn por- 
tion of the principal prominence, with a moderately steep slope into 
the median depression, from which the surface more gently rises 
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into the border of the narrow alate expansion. Surface structure 
minutely and densely punctate ; in the less abraded areas, especially 
toward the inner margin, the punctffi are arranged in more or less 
regular parallel transverse lines, conforming in direction to the course 
of the inner margin. This latter feature, however, is seldom ob- 
served to extend over any considerable area of the coronal region, 
which oftener shows the ordinary punctate structure with only faint 
traces of the transverse striation alluded to. Length of a medium- 
size tooth along the antero-lateral border, 10 mm. ; breadth at inner 
margin, 4.5 mm.; elevation of antero-lateral border, 1.5 mm. 

The collections afford but few examples of the present species, 
amongst which occur no examples of the broad alate form attribut- 
able to the terminal form of the mandible. Compared with the 
Chester species, Xystrodus veriis, it is distinguished by the propor- 
tionately greater breadth, generally smaller size, and the less pre- 
valent and distinct transverse disposition of the punctas of the coronal 
surface. In proportions and general outline, the species bears strik- 
ing resemblance to the corresponding form of X. striuUis, Agass., of 
the Mountain limestone, Armagh, but it differs in being smaller and 
in the less marked transverse striation. 

Geological position and localities: St. Louis formation; St. Louis 
(Missouri) ; Alton, and Monroe county (Illinois), and Pella (Iowa). 

Xystrodus verus, St. J. and W. 

PI. VIII. Flu. c. 7. 

Maxillary posterior teeth cuneiform, moderately arched from with- 
in outward. Antero-lateral border with slight signioidal curvature, 
abruptly beveled from the coronal angulation, which is obtuse in 
the region of the inner margin and more acute toward the outer 
extremity, probably in consequence of the wearing down of the tn- 
turating surface, articular border, comprising three-fourths the extent 
of this side, the upper portion enveloped in the well-delined enamel 
fold, basal border terminating inferiorly in the thin compressed rim ; 
inner margin broadly rounded at the base of the coronal prominence 
and gently deflected backward to the posterior angle of the moderately 
produced alation ; postero-lateral border slightly curved, very gradu- 
ally converging toward outer extremity, coronal enamel forming a 
narrow fold, inbeveled and well defined from the abrupt downward 
and slightly outward projecting basal portion. Coronal surface oc- 
cupied by a broad anterior prominence, slightly arched transverse- 
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ly — generally, liowever, bo worn down over the outer half as to 
present the appearance of a gradual slope, descending into the 
shallow median depression, which is bordered on the opposite side 
by the narrow wing-expansion. A mature tooth measures in length 
along the anterior lateral border 18 mm. ; breadth across inner 
margin, 9 mm. ; greatest depth of antero-lateral border, 2 mm. 

Mandibular posterior teeth triangular in outline, rather strongly 
arched and inrolled at the outer extremity; antero-lateral border 
steeply beveled from the prominent angulation of the coronal border, 
a very narrow belt of enamel enveloping the upper edge, beneath 
which the deep basal belt is more or less distinctly fluted in the 
direction of inrollment, and terminating inferiorly in the relatively 
short, attenuated edge, which constitutes about half the extent of 
this side of the tooth ; inner margin forming nearly a right angle 
with the anterior border, which it joins in a rounded angle, slightly 
curved sigmoidally in passing to the produced posterior angle of 
the alate expansion, in breadth about equal to the length of the 
anterior border of the tooth; posterolateral border rapidly converg- 
ing toward the outer extremity at an angle of 50° with the anterior 
border of the crown, or about 00"^ with the inferior edge of the base 
of that side, slightly arched and bounded along the upper edge by 
the narrow enamel fold, the nearly vertical, slightly channeled basal 
border posteriorly expanding beyond the coronal limits and produced 
into a spur-like process forming the extreme angle of the postero 
alation. The median portion of the crown presents a broad depres- 
sion, defined on the one hand by the abrupt declivity descending 
from the elevated angular ridge of the anterior prominence, and on 
the other by the more gentle acclivity rising to the postero-lateral 
border of the broadly expanded wing, presenting, as in the pre- 
viously described form, extreme simplicity in coronal contour. Length 
along the anterior border of the crown of a large example, 16 mm. ; 
greatest depth of the antero-lateral slope, 5.5 mm. ; breadth at the 
inner margin, 13 mm. 

The surface structure of both of the forms described above is 
essentially identical. The puncta) exhibit in a marked degree the 
transverse arrangement in more or less regularly parallel lines co- 
inciding with the curvature of the inner margin. This feature is 
especially noticeable in the region of the coronal depression and the 
less exposed inner portion of the crown, where, in specimens which 
have un.lergone comparatively sh'ght abrasion from trituration, the 
surface presents a beautifully sculptured appearance from the slightly 
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wavy, coalescing and bifurcating sharp transverse rugae. The linear 
parallel disposition of the punct© may be detected even in much 
worn surfaces, though, as might be expected, it is here less apparent ; 
and toward the outer extremity, in excessively worn teeth, the 
surface structure does not differ from that usually met with in the 
Cochliodonts. 

The teeth above attributed to the posterior position on the max- 
illary are comparable to Xystrodm striatm, Agass., from which they 
are chiefly recognizable by the proportionately narrower outline and 
perceptibly less expanded alatiou. The opposed teeth, as herein 
interpreted, are also intimately allied to a form associated mth X. 
striatum, of which the collections of Lord Enniskillen at Florence 
Court contain numerous representatives. The latter form, with the 
original X. striatus, presents exactly the same association of forms 
which we have attempted to ascribe to the more prominent dental 
elements of this genus, as represented in the present species. The 
Chester tooth, however, differs from the extremely alate examples 
from Armagh in its great length as compared with the inner trans- 
verse diameter, or in dii'ectly opposite character to the distinguisliing 
features noted in connection with the maxillary teeth. 

Oeological position and localities : Chester limestone ; Chester, and 
Monroe county, 111. 



Xystrodus bellulus, St. J. and W. 

PI. VIII. Fig. 3. 

The form here indicated is represented by a small tooth, some- 
what imperfect at the apical extremity and along the oblique border 
and the inner margin, pertaining to the left ramus of the maxillar>'. 
Very gently arched longitudinally, narrow wedge-shaped in out- 
line and very gradually tapering, cro^Mi broadly arched laterally, an 
obscure angulation in the median depression defining the anterior 
coronal prominence from tlie naiTow, slightly upraised alate expan- 
sion along the oblique border; along the straight or antero-lateral 
border the crown is rounded and then sharply inbeveled from the 
distinct angulation, the narrow enamel fold limited by a sliglit fur- 
row, beneatli which the basal rim is gently produced outward and 
downward, terminating in a thin, rounded edge. The inferior sur- 
face of the tooth is smooth, approximately coiifonning in contour 
to that of the crown. The coronal surface is beautifully marked by 
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minuto punctso, having individually the appearance of a minute 
central cone surrounded by a slightly raised rim, and collectively 
aiTanged in very regular, seldom bifurcating or implanted transverse 
grooves, separated by angular carina? which appear to form one side 
of the rims of the medullary tubes. The illustrations convey an 
accurate idea of the size and relative proportions of the form indi- 
cated. 

Apparently possessing unmistakable generic relations with Xystro- 
du8y the species above inilicated chflFers from the Chester species, X. 
verus, in the details of contour of the articular area of the antero- 
lateral, and the propoi-tioually gi-eater breadth of the coronal ridge. 
The unique example described was discovered by Mr. Wm. Gurley, 
in the shales immediately overlying Coal No. 7, Lower Coal Measures 
of the Illinois general section at Danville. 



Genus SAXDALODUS, N. and W. 

Sandalodus complanatus, (N. and W. sp.) 

PI. XII, Fig. 1-4. 

Deltodus complanatus, Newbebry and Worthen, 18ti0, 111. Geol. Surv., II, p. 98, PL IX. L 4. 

Trigonodvs major, Newbebrt and Wokthen, 18U6, lb. II, p, 112, PI. XI, f. 8, 9. 

The foims originally noticed under the above cited names consti- 
tute a characteristic group or species of Sandalodiis, as much so 
indeed as does the type of the genus S. lievissimuSy N. and W- The 
illustrations of this species which are now introduced suflSce to show 
the generic relationship and tbe probable specific identity of the two 
forms alluded to in the above synonymy. Both of the above cited 
descriptions apply to what we regard as probably the posterior form 
of the mandible, that referred to under the term Deltodus complana- 
tus representing a crushed and distorted depressed tooth, examples 
of which are of more frequent occurrence in the collections than are 
those corresponding with the extremely convex examples which afford 
the type of Trigouodus major. While these somewhat pronounced 
varieties seem to be quite distinct, viewed in the extreme examples, 
a series of teeth like that before us leads to the conviction of 
their specific identity. 

Besides the teeth referred to the mandibular posterior form, the 
collections also contain a few examples exactly corresponding to 
the form which we have referred to the opposed position upon 
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the upper jaw. The latter is distinguished by its elongate subspat- 
ulate shape, narrow lateral diameter and narrow alation, less rapidly 
converging lateral borders and more oblique direction of the poste- 
rior portion of the inner margin, relatively greater extent of the 
articular edge of the antero-lateral border, (both borders being much 
as in the same fonn of the representative Keokuk species, S. Icevis- 
»imtu$f) and the more uniform coronal contour, which does not pre- 
sent to the same extent the strongly developed ridges characteristic 
of the opposed mandibular teeth. In all, as also in the teeth sup- 
posed to represent the mandibular median foim, the coronal punc- 
tation is essentially the same, being relatively fine, closely set, and 
showing a tendency to elongation in the longitudinal direction of the 
tooth, although very variable in this respect according to the condi- 
tion of preservation of the coronal surface. 

Mandibular median teeth distinguished by their triangular outline, 
rather strongly arched from within outward and strongly inroUed at 
the outer extremity. Postero-lateral border nearly straight, defined 
above by the rounded enamel fold, basal portion channeled and 
beveled inferiorly to an obtuse edge; antero-lateral border very ob- 
lique, rapidly converging from the subacute inner angle to point of 
inroUment forming an angle of 40^^ to 50° with the opposite side, 
basal portion beneath the enamel fohl somewhat channeled and bev- 
eled, merging into the thickened edge that defines this side of the 
tooth; inner margin making nearly a right angle with the postero- 
lateral border, gently arched and somewhat more sharply rounded near 
the posterior angle, worn specimens inbeveled inferiorly. Crown 
transversely nearly plane, slightly arched near the postero-lateral 
border into the low, obscurely defined coronal prominence ; enamel sur- 
face near inner margin marked by more or less distinct hues of 
growth parallel with the inner margin, also faint longitudinal plicae ; 
worn surface exhibiting the usual minute, closely arranged puncta- 
tion characteristic of the associated forms of the species. Inferior 
surface moderately excavated, smooth, conforming in a general way 
with the contoiu: of the coronal region. A small individual measures in 
postero-lateral border across the inner margin 10.5 mm. ; length along 
transverse diameter to point of inroUment 6.5 mm. A large-sized 
tooth is respectively29 mm. and 21 mm. in breadth and length. 

Compared with the corresponding form of S, Uevhsimxis, of the 
Keokuk limestone, the mandibular median teeth of the present 
species are distinguished by their less oblique antero-lateral border 
and spirally inroUed outer extremity, and smoother coronal surface. 
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Geological position and localitiei: Upper Burlington fish-bed; Bur- 
lington, Pleasant Grove, Augusta, Buflftngtou ereek, Louisa county, 
(Iowa); Honey creek, Henderson county, (HI.) The mandibular 
median toeth especially alluded to above are amongst the beautiful 
collections from the Buffington creek locality, belonging to Mr. 
Springer. 



Sandalodus Li;vi8SiMDB, N. and W. 

, PI. Xll, FlK, S, 9. 

Sandatodut l(i-vi$timvt Newbrbbt and WobtBeH. IBCS, IIL QooI. Burv., II. p. 104, PL 10. 

(. B, 7, 8. 
Sandaloil-if crra/xlji'. Nbwbebbi tind Wobthen. lb.. 11, p lOG, PI. 10, t. 9. 
Deltoiivi' Qrandh. Nkwskbrv and Wobthbn. lb.. II. p. 101. PI. IX, t. 9. 9a. 
CochtiodH» ? craeiUf. Nin-BEUBY and Wokt.ikit. ib., 11. p. 91. PI. VIII, t. 2, 2a. 
/'j'aniMiaiiuii ? semi-Kslwdrictu. NswBEBBT and Wobtbrh. lb., IT. p. VIS. Fl. XI, [. A. 4a. 
Ftammodut ? rhomboidfua. Nbwbbbbt and Wobthbh, lb.. II. p. 110, Fl. XI. I. «. fio. 

Mandibular median (?) teeth attaining large size, triangnlar iii 
outline, strongly arched longitudinally with strong spiral inrollment 
of outer extremity, lateral borders diverging at an angle of about StP. 
Postero-lateral border makiug an angle of about 30° with the inner 
margin, very gently cur\'ed in its course, coronal enamel forming a 
narrow fold strongly inbeveled to the clianneled basal portion, which 
is rounded tielow into the inferior surface of the tooth; antero- 
lateral border considerably shorter and slightly concave in its 
course, thick articular edge not shown ; inner margin very gently 
and regularly arched between the subacute anterior and posterior 
angles, inbeveled below. 

Corona] region presenting a uniform plane surface transversely, 
with a sUglit convexity near to and parallel with the postero-lateral 
border, interrupted toward inner margin by irregularly disposed 
transverse undulations, or lines of growth, and faint longitudinal 
lines, sometimes appearing as narrow impressed sulci. Surface 
punctation minute and crowded, along the inner margin concealed 
beneath the dense enamel layer. The punctate structure bears 
closest agreement with that observed in the large posterior forms of 
Sandiihdiia Itccissimus. A large-size tooth measures across the inner 
margin 50 mm. ; length along postero-lateral border to point of in- 
rollment, 47 mm. ; ditto, along the antero-lateral border, about 
80 mm. 
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Only three examples of the aboved escribed form occur in the collec- 
tions, and of these only one displays the entire outline and general 
coronal contour. The latter example was discovered by Mr. L. A. 
Cox, in the rock excavations for the government canal around the 
Keokuk rapids on the Mississippi, and to whom we also owe the 
opportunity to examine additional material illustrating the dentition 
of this extraordinary species. We have Uttle doubt as to the 
specific relations of the above described form, and from its peculiar 
outline and coronal contour, and the strong spirally inrolled ex- 
tremity (which makes a complete revolution, then becomes involved 
in the vaso-dentine, forming a sohd mass except for the minutest 
perforation intercommunicating with either border through its 
center), we are led to identify it with the mandibular median form 
of this genus. The specimen aflFording the above measurements 
doubtless belonged to a mature fish; the middle portion of the 
crown, indeed, is excessively worn, aflFording a striking illustration 
of the severe usage to which the teeth were subjected during life. 

It is our belief tliat the form originally described under the name 
Deltodiis grandis, N. and. W., is specifically identical with Sandah' 
du8 kevissimus, N. and W., \vhich latter name was applied to the 
long teeth .which we presume to have held the posterior place 
upon the upper jaw, the former form occupying the opposed posi- 
tion upon the mandible. The moagi-e data might not be deemed 
as aflFording sufficient gi'ounds for the limitation of the three above- 
mentioned forms; but the facts themselves, though few, seem to us 
to oflFer something more than a mere suggestion of such a relation- 
ship. The names Sandalodus grandi^, N. and W., Cochliodus ? cras- 
8118, N. and W., P8ammodm 8e}ni'Cyli»dricu8, N. and W., and Psam- 
ynodta? rliomhaideusy N. and W., were applied to abnormally worn 
and otherwise imperfect examples of the maxillary posterior form 
of this species. 

Geological position and localities: Keokuk limestone ; Keokuk and 
Bentonsport, (Iowa,) Hamilton, and Warsaw, (111.,) Boonville, (Mo.). 



Sandalodus, sp. ? 

n. XII. Fiff. 5,6. 

The Warsaw limestone has thus far aflForded very meagre and 
imperfectly preserved material referable to the genus Sandalodus, 
The Warsaw horizon at the mouth of the Piasa, above Alton, has 
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aflForded Mr. Van Home three individuals, one of which is doubt- 
ful, the others representing the forms identified with the posterior 
teeth of the upper and lower jaws. There are also a couple of 
similar specimens from the same horizon, one from Monroe county 
and the other was found by Master Willis Worthen at Golden 
Bliiifs, near Warsaw, in this State. From Indiana localities, proba- 
bly on equivalent strata, we have seen similar teeth, but these are 
not now accessible to us for critical comparison. 

With a single exception, all of the above mentioned specimens 
are too imperfect to allow of satisfactory definition and comparison 
with the species known from other formations, hence we hesitate to 
undertake their discrimination from allied species which they closely 
resemble, occurring in earlier and later formations. The small im- 
mature individuals of Sandalodus Uevissimus, of the Eeokuk lime- 
stone, offer in a general way many features in common with their 
Warsaw representatives ; while the Upper Burlington species, S. cam- 
planatuSy especially the excessively arched examples of the mandi- 
bular posterior form, strikingly resemble certain individuals occurring 
in the Warsaw beds. On the other hand, the latter deposits afford 
specimens of the same form which might readily be identified with 
that belonging to S. sjyaiulatus of the succeeding St. Louis forma- 
tion. We are well aware how deceptive are the characters afforded 
by imperfect materials in this group of fossil teeth, especially when 
they are not supplemented by a large number of examples from which 
a more comprehensive understanding of the specific characteristics 
may be derived. And so far as relates to the specimens here par- 
tic^ularly alluded to, we can only reiterate the facts relating to their 
re8eml)lances, leaving those that may be regarded as peculiar and 
indicating specific distinctness for future amplification and demon- 
stration. 

Geological jyosition and localities : Warsaw limestone, Warsaw; Piasa 
creek above Alton, and Monroe Co., 111. 



Sandalodus spatulatus, N. and W. 

PI. XII. Fig. 7. 

Sandalodus spatulatus, New'BKKRT and WoRinKN, 1806, III. Geol. Surv., II. p. 103. PI. X, f. 2. 

Dfltudus rhomhoideus, Newberry and Worthen. 1866, ib.. II.. p. 100, PI. IX. f. 8. 

Sandalodus crassus, Newberry and Worthen. 1870, ib., IV, p. 309, PI. IV, f. 3. 

Mandibular median teeth small, trapezoidal in outline, moderately 
arched in the direction of inroUment, breadth apparently exceeding 
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the length. Postero-lateral border nearly straight, with a slight 
oblique course outward and forward, enamel fold narrow, basal por- 
tion relatively deep, slightly channeled; antero-lateral border con- 
verging toward point of inrollment at a moderate angle with the 
opposite border, the relatively deep basal rim projecting beyond the 
coronal fold ; inner margin gently arched from the rounded posterior 
angle, with a slight sigmoidal curvature in passing to the subacute 
anterior angle; as usual the edge is inferiorly beveled. Crown sur- 
face very gently and uniformly convex transversely, the enameled 
inner portion showing transverse imbrications or lines of growth 
parallel with the inner margin, with the usual delicate rugose 
appearance, beneath which the tubular structure is discernible, and 
which in worn surfaces assumes the minute, closely arranged punc- 
tate character. Greatest transverse diameter across inner margin, 
13 mm. ; length along postero-lateral border to point of inrollment, 
about 8 mm. 

The form above described is represented by a solitary specimen, 
in the collection of Mr. Van Home. The tooth is in good preserva- 
tion, save that the outer margin has been entirely worn away, 
presenting a thick, blunt emarginate edge, the inroUed extremity 
on the posterior side being much more worn than at the opposite 
side. The inferior surface of the tooth, however, plainly shows the 
direction of the oblique inrollment, as indicated by the course of the 
longitudinal striation. The form agrees in all essential particulars 
with the homologous teeth noticed in connection with Sandttlodm 
complanatusy and S. Uevissimiis ; at the same time it also agrees, in the 
character of the surface punctation and the delicate rugose mark- 
ings of the enamel layer, with the other forms of the species to 
which we have referred it. However, in the supposed associate 
forms wo have failed to detect the presence of transverse lines of 
growth, such as constitute a marked feature in the enamel layer of 
the present form. The uniform transverse convexity of the coronal 
region and its outline readily distinguish the present tooth from its 
congeneric allies. 

Referring to the synonymy it will be observed that the form orig- 
inally described under the name Deltodus rhomhoideus, N. and W., 
is transferred to the specific category embracing the form first 
noticed under the term Sandiilodus spatulatus, the two forms respec- 
tively representing the supposed posterior teeth of the lower and 
upper jaws of the same species. These forms most intimately agree 
in the details of coronal structure, while they differ one from the 
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other in outline and coronal contour exactly after the manner 
noticed in the Keokuk and Burlington species. The tooth subse- 
quently described under the designation Sandalodus cragMu$, N. and 
W., from the same formation, is identical with the former described 
form, the original account of S. apatulatus beinp founded upon an imper- 
fect, excessively worn tooth. The collection of Mr. Van Home contains 
a splendid suite of the latter forms, in all stages of growth and con- 
ditions of preservation, permitting of the most satisfactory study of 
their normal peculiarities and variations, so far as this may be 
made from detached and scattered teeth. 

Geological position and localities: St. Lonie limestone; Alton, and 
Monroe county, III., St. Louis, Mo. 

Gentts ORTHOPLEUROI)0S,> St. J. and W. 

Posterior teeth of the upper jaw subspatulate in general outline : 
postero-1 literal border straight or nearly so, and probably gently 
curied downward and inward at the outer extremity and gently 
arched in the same direction, terminating posteriorly in an acute 
angle or spur, whence the inner margin, which is greatly thickened 
or massive, is broadly rounded into and merging with the thin 
antero-latcral border towards the extremity. Coronal surface occu- 
pied by a prominent principal fold or ridge rising nearest the 
straight bonier, aud Ibmked on the anterior slope by an obscure 
secondary ridge; the punctate enamel foiins a distinct narrow fold 
along the tliickonod straight border, where it is distinctly defined 
from the basal portion by a slight groove. 

Teeth supposed to have occupied a similar position on the man- 
dibles, distinguished by their trigonal outline, somewhat strong and 
spiral inrollraeut of the extremity, toward which the autero and 
piistero-lati'ral borders regularly converge, inner margin more or less 
obliquely rounded and sigraoidally curved from front towards the 
pofit-erior angle. Coronal surface presenting a more or leas well-de- 
fiued plane anterior fold, abruptly broken down on that side, where 
the coronal enamel fonns a wide belt sharply defined from the deep 
basal rim, and limited I>ehiud by the more or less deep longitudinal 
depression frara which risea the alato posterior lobe, which is limited 
exteriorly by a narrow fold of enamel separating the crown from the 
basal portion of the tooth. 

l; in ulluaiou tu tbo atralsht poBtoro-late- 
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Mandibular median or second teeth characterized by their trian- 
gular outline, rather strong inrollment of the outer extremity, 
straight posterolateral border which is similarly enameled to the 
antero-lateral border of last above described posterior dental j^latos, 
antero-lateral border rapidly and irregularly converging from the 
subacute angle of the broad, slightly arched inner margin. Coronal 
surface forming a broad, low arch, or nearly plane transversely. 

Although in every case detached and separated from their natural 
position upon the jaws, there is strong inferential evidence of the 
dental elements described above having constituted parts of the den- 
tition of one and the same fish, as will appear more at length 
under the head of specific descriptions. The genus as here consti- 
tuted does some violence to the interpretation of the affinities of 
the teeth attributed by authors to other genera, but the facts are 
believed to justify no other conclusion, while in the typical species, 
at least, there can hardly exist a doubt as to the specific identity of 
the widely dissimilarly shaped teeth alhided to in the foregoing 
generic diagnosis. 

The genus as now understood includes, besides the American 
fonns hereinafter described, possibly a form of teeth from the Car- 
boniferous limestone of Bristol (England), which has been referred 
to Tomodus, Agass. All the specimens of maxillary teeth are muti- 
lated by having their exceedingly thin anterior portion broken away ; 
and this fact naturally suggests the possible occurrence of corres- 
ponding dental plates in European collections — however, in so frag- 
mentary a state as not to have attracted attention to their i)robable 
relationship with the more robust mandibular teeth. 

Compared with Sandalodu^y N. and W., the following distinguishing 
features are especially noticeable: The posterior form of the man- 
dible is abruptly broken down in a prominent mural face along the 
antero-lateral border, which is enveloped in a widish belt of the 
coronal enamel, and the anterior position of the transversely, nearly 
plane, well-defined coronal prominence, in all which there is striking 
contrast with the very restricted antero-lateral articular border ot 
typical homologues of Sandalodus. In the posterior teeth of the 
upper jaw, the coronal prominence, instead of being situated for- 
ward of the median line, as in Sandalodus, rises close along the 
postero-lateral border, the wide coronal declivity being transferred 
to the opposite side of the tooth. The median teeth of the man- 
dible, representatives of which belonging to either generic group 
are exceedingly rare, present essentially the same characteristics 
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SO far as the meagre materials at the present time in hands per- 
mit of being detennined. 

The earliest representatives of the genus occurring in American 
rocks were discovered by Mr. , Springer in Lower Carboniferous 
strata, probably of Chester age, of New Mexico; the typical repro 
sentative species, Ortlwpleurodus carhonar'ms, belongs to the Upper 
Carboniferous, the upper division of which has afforded the majority 
of specimens thus far, although apparently the same species is not 
unfrequently met with in deposits near the base of the Coal 
Measures. 

Orthopleurodus carbonarius, (N. and W. sp.) pars. 

PI. XIII, Fig. 6. 8. 

Sandalodus carbonarius, Newbkbby and Worthen, 1806, 111. Oeol. Surv,, II, p. IW, pi. X 
f. 4, 5. 

Deltodus angularis, Newberry and Worthen, 1866, 111. Geol, Surv.. 11, p. 97, PI. IX, f. I 

A singularly interesting group of teeth discovered by Mr. L. A. 
Fuller in the shales over Coal No. 5 of the Illinois General Section 
of Coal Measure strata, at Bloomington, leaves little room for doubt 
respecting the specific identity of the above cited forms, and with 
which is associated a third form probably holding a position imme- 
diately in advance of the posterior tooth of the mandibles, that 
originally described under the name Deltodus angularis. This 
''second" or median tooth of the mandible is distinguished by its 
triangular outline, straight postero-lateral border corresponding in 
coiidaptation with the articular border of the above mentioned pos- 
terior tooth, and the uniform depressed coronal contour. A similar 
tooth has been obtained from the Upper Coal-Measure strata near 
Topeka, Kansas, where indi\dduals of the long posterior teeth of the 
upper jaw {Sandulodus carbonarius) have also been found; and only 
recently Professor Worthen has brought from the Upper Coal strata 
at LaSalle, representatives of all three forms. The generic diagno- 
sis, founded on the typical specific forms belonging to the present 
species, sufficiently describes the individual characteristics of the 
various dental elements here ascribed to it. 

The group of teeth discovered by Mr. Fuller, which bear every 
appeamce of having belonged to one and the same individual, pre- 
sent the following proportionate measurements : Maxillary posterior 
tooth, greatest preserved length along the straight border 18 mm. ; 
greatest l)readth 7 mm. ; breadth at broken extremity 6 mm. Pos- 
terior tooth of mandible, greatest length from posterior extremity to 
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outer inrolled extremity 14 mm. ; greatest breadth between angles of 
inner margin 9.5 mm.; breadth of coronal prominence at inner 
margin 5 mm.; length along antero-lateral border 11 mm. Man- 
dibular median tooth, length along posterior articular border 8 mm., 
breadth along inner margin 6.5 mm. 

The long posterior teeth of the mandible, which in well-presented 
examples show the coronal ridge defined on either side by a slight 
impressed angulation, owing to the extreme thinness of the outer 
portion are invariably mutilated by having the outer extremity 
broken away. This attenuation is probably due in part, at least, 
to the excessive wear this part of the coronal surface has been sub- 
jected to while in use, and the vicissitudes to which they have been 
exposed subsequent to their disengagement from the maxillarj" sup- 
ports has resulted in disfiguring this part of the teeth so that the 
form of the extreme antero-lateral border and outer extremity can 
only be conjectured. However, it probably partook of the general 
characteristics of the corresponding tooth of Stenopterodus and Del- 
toptychitis in truncation and definition of coronal and basal regions. 
The far more uniformly massive posterior teeth of the mandible, 
however, are often found quite entire. The position and consequent 
severe usage suffered by the median teeth of the mandible by which 
they have been defaced, as also their extremely simple form, may 
have led to their being overlooked in many instances. 

Geological position and localities: The stratigraphical distribution 
of the above species, as it is at present understood, is known to ex- 
tend from the lower part of the Lower Coal Measures, well up into 
the Upper division ; the vertical range in Kansas is known to include 
above 1,500 feet of exclusively Upper Coal Measure strata; LaSalle, 
Springfield, Carlinville, Staunton, Belleville, Bloomington, Danville, 
also, localities in Fulton and Vermilion counties, Illinois; Posey 
county, Indiana; several locahties in the Upper Coal Measures of 
Iowa, Nebraska, Kansas and Missouri. 

Orthopleurodus con\^xus, St. J. and W. 

PI. Xni. Fifir. 4. 6. 

Posterior teeth of mandible agreeing closely in outline with the 
corresponding form of OrtliopUurodxts carhonarius, moderately arched 
from within outwards and revolute, antero-lateral border moderatelv 
curved sigmoidally, and occupied by a rather deep enamel belt be- 
neath the sharp, anterior coronal angulation; inner margin broadly 

—13 
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and obliquely rounded, with slight sigmoidal outline extending into 
the posterior alation, which latter is usually broken away. An- 
terior coronal lobe occupying half or more the breadth of the tooth, 
gently arched transversely, conspicuously so toward the inner mar- 
gin, merging into the postero-lateral depression, from which it is 
defined by the rounded angulation of that side. Surface uniformly 
and minutely punctate. Length of a medium size tooth along an- 
tero-lateral border, 19 mm. ; breadth across inner margin, about 
14 mm. 

Maxillary posterior tooth subspatulate in outline, broadly rounded 
at inner margin, postero-lateral border slightly concave, gently arched 
from within outward, extremity not known. Crown surface consider- 
ably arched transversely over the principal prominence in the vicinity 
of the inner margin, where the tooth attains comparatively thick, 
massive proportions, the ridge anteriorly rapidly diminishing in prom- 
inence. Surface punctation minute and uniform. Length of a tooth 
below medium size along straight border, probably at least 15 mm. ; 
breadth, about 9 mm. 

The above descriptions are founded upon a single example of each 
form, respectively, discovered by Prof. J. J. Stephenson. Both speci- 
mens are in imperfect condition, but such parts as remain present 
certain peculiarities which seem to justify their reference to a dis- 
tinct species. Compared with the species prevalent in the Goal Meas- 
ures of the western States, Ortliopleurodus carhonanus, the mandibular 
posterior tooth differs in the marked transverse convexity of the prin- 
cipal lobe along the straight side, instead of being flat, as in that 
form ; the opposed teeth of the upper jaw are very like, in both the 
western and eastern forms, — the latter, perhaps, being distinguished 
by its more massive proportions in the region of the inner margin. 
A larger suite of material from the Allegheny region may show the 
above distinctive features to be of subordinate importance, marking 
mere individual variation, but in a direction not apparent in any of 
the western specimens. 

Oeological position and locality: From strata above Mahoning sand- 
stone, Coal Measures ; near Morgantown, West Virginia. 
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Orthopleurodus Novo Mexicanus, St. J. and W. 

PI. xni. Fifir. 1-3. 

Teeth below medium size, represented by forms occupjring the 
posterior position on the lower and upper jaws. 

Mandibular posterior teeth trigonal in outline, moderately arched 
in the direction of inrollment. Antero-lateral border slightly curved 
sigmoidally, enamel belt abrupt and well defined from the down- 
ward and slightly outward produced basal-rim ; postero-lateral border 
making an angle of about So"" with the opposite side ; inner margin 
slightly obliquely produced backward from the anterior angle and 
gently curved sigmoidally, worn specimen inbeveled inferiorly. Cor- 
onal prominence usually well defined, rather widely expanded toward 
the inner margin, posterior slope merging into the regularly trans- 
versely concave posterior depression, from which the alate expansion 
steeply rises into the prominent postero-lateral border. Surface 
punctation exceedingly minute and widely spaced. Breadth of a 
large specimen between the angles of the inner margin 13.5 mm. ; 
length along antero-lateral border to point of inrollment about 
12 mm. 

Posterior teeth of upper jaw subspatulate in outline ; antero-lateral 
border unknown, that extremity of the teeth being extremely atten- 
uated and in consequence mutilated; postero-lateral border exhibit- 
ing the characteristic straight outline, basal border slightly chan- 
neled, and probably continued into a spur-point at the posterior angle ; 
inner margin broadly arched backward round the coronal promi- 
nence and thence more gently curved toward the broken anterior 
angle. Coronal ridge prominent, rounded along the crest which 
culminates close upon the postero-lateral border to which the sur- 
face steeply descends, the broad anterior slope slightly depressed 
before reaching the margin of the tooth, the ridge more or less 
rapidly declining immediatlBly behind the greatest prominence. 
Punctate stnicture the same as observed in the mandibular teeth. 
An ordinary size specimen measures along the postero-lateral border 
about 15 mm., greatest breadth of tooth at right angles to the 
straight border 7 mm. 

The present species is determined from a few specimens of the 
maxillary posterior form and a single example of the mandibular 
posterior tooth, which were discovered by Mr. Springer, in the fish- 
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bed stratum near the base of the Carbooiferous series at Santa Fe, 
New Mexico. The state of preHervation of the specimens, although 
not perfect, is sufficient to afford the liaais of comparison with the 
allied species OrlhopleuTudux carhonarius, occorring in the Goal 
Measures of the MiBsisaippi Valley. While the present species is 
smaller in size, the mandibular posterior teeth differ from the latter 
iu tbeir proportionately gi-eater breadth as compared with the length 
along the antero-latcral border ; the maxillary posterior teeth may 
be distinguished by the apparently less oblique course of the coro- 
nal ridge, while the surface punctation is much the same in both 
species, the puucttr, perhaps, more \^'idely spaced in the New Mex- 
ican teeth. Its resemblances with the above species is more inti- 
mate than ■with Ortkopleurodm convexat, although there is a marked 
similarity in the maxillary posterior forms, as indicated by the 
imperfectly worn examples. 

Geological position and locaHtif: From the fisb-bed layer near the 
base of the Gaj-honiferoue series, associated with other Lower Car- 
boniferous tish-reniains ; near Santa Fe, New Mexico. 
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PSAMMODONTIDiE, 



L. de Koninck. 



Genus PSAMMODUS, Agassiz. 

Psammodnn, Aoassiz. 1843. Poissons Fosslles. tome III. p. IIO. 

Teeth quadrilateral or trapezoidal in general outline, variable, usu- 
ally thick and massive. The coronal region presents a more or less 
plane surface, according to the position the form occupied upon the 
jaws, always arched, generally moderately, in the longitudinal direc- 
tion or from behind forward, transversely concave (maxillary teeth), 
or more or less convex (mandibular teeth), sometimes raised into a 
low ridge along the exterior lateral border, also along the articular 
inner border, or showing a more or less wide convexity in the latter 
region, and sometimes presenting a more or less well defined trans- 
verse prominence in mature maxillary form. The marginal limits 
of the crown are well defined, rounded along the exterior of lateral 
border and usually inbeveled, and almost always making an angu- 
lation at the articular inner border and along the anterior and pos- 
terior margins, the enamel extending well down and more or less 
distinctly defimed from the coarse vermicularly pitted basis, which 
constitutes the greater part of the height of the tooth. In front and 
behind, the basal wall is nearly exactly vertical to the plane of the 
coronal surface and moderately channeled or concave; the inner 
articular face is also vertical and slightly excavated, presenting gen- 
erally at one or the other extremity an obliquely truncated articular 
facet for co-adaptation with the contiguous tooth of the opposite 
series, the extent and obliquity of the truncation varjang greatly 
according to the species ; the exterior lateral border, in typical forms, 
shows an expansion of the basal portion beyond the coronal limits, 
increasing in breadth and terminating in a more or less produced 
spur at the postero-outer angle of the tooth. The coronal surface 
exhibits under an ordinary lens a distinct vertical prismatic struc- 
ture, each of the vertical columns enclosing a medullar}' tube the 
appearance of which at the surface produces the exceedingly minute 
punctation usually observed in these teeth ; the exceedingly elegant 
vermiculose rugosity exhibited in the less worn surfaces of certain 
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species is produced by the wrinkling of the enamel or external layer, 
and which apparently has no other relation to the medullary tubes 
than to rudely define them in irregular and transverse or longi- 
tudinal rows, the punctae rarely confluent, and the rugose appear- 
ance becoming obsolete or more or less obscured over the more 
exposed parts of the triturating surface. The impression also pre- 
vails that the tendency to rugosity of the coronal surface increases 
with age, since this appearance so far as observed seems to be most 
prevalent and conspicuous in large individuals belonging to the 
series which have received several accessions, the innermost indi- 
viduals of which have suflFered little from the abrading effects of 
trituration while in use ; but it is not an essential character, as 
some species evidently always remained quite -smooth in their cor- 
onal areas. The inferior surface is plane, in a general way con- 
forming to that of the crown, and even possessing distinctive 
characteristics as applied to species; it shows in the perfect state 
a rather dense thin layer, perhaps in degree rather than structually 
differing from the more cellulose middle layer composing the bulk 
of the base, and usually marked by more or less distinct longitudi- 
nal grooves, or smooth, and faintly keeled nearest the inner articular 
border. 

In drawing up the foregoing diagnostic account of PsammodiLs, the 
authors have been actuated by the desire to place before the student 
of palseichthyology such data as they themselves possessed relating 
to the genus, and which they owe largely to the kind offices of their 
colaborators. It will have been obser\^ed that the genus embraces 
a variety of farms, which, while their generic identity is unques- 
tioned, offer so diverse appearances as, in the absence of other than 
detached and fragmentary remains, to greatly complicate the de- 
termination of the relative position the forms occupied upon the 
jaws. Their congeneric identity is proven by identity of outline and 
contour and superficial structure common alike to each and all of 
the forms, and these latter resolve themselves into certain well- 
defined groups, so that specific distinctions may be recognized in 
unique examples pertaining to onj or the other form. But in the 
attempt to associate these forms under definite, specific combina- 
tions, the observer is necessarily compelled to rely, to some extent 
at least, on other than superficial resemblances, as, for example, 
the association of the individuals in the horizons whence they were 
derived. The process is often further complicated by the accidents 
of collecting, for it not unfrequently happens that a series of teeth 
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from a locality consists not of a single form merely, but of indi- 
viduals pertaining to the same side in relation to their position upon 
the jaws. However, fortunately, now and then appears a specimen 
which seems to set at rest whatever doubts may have been enter- 
tained as to the actual state of things, and in a few of the species 
the collections are rich in data going to establish a more precise 
and comprehensive understanding of the species themselves and the 
family and ordinal relations of the genus. 

So far as has come to the notice of the writers, the genus Psam- 
modus has been classed by authors with the Cestracionts ; Dr. L. de 
Koninck, however, recognizing their distinct family character, for 
which he proposed the term Psammodontidtc* As early as 1843, 
Captain Jones, in a communication in reference to his acquisitions 
of fish remains from the mountain limestone localities in the vicinity 
of Armagh, says: * 'There are good specimens of one more tooth, 
somewhat allied to Psavimodm, yet having a distinct character, which 
will connect it with the Myliobates;"+ and to whom should be cred- 
ited thus early the recognition of the aflSnities of the Psammodonts. 

The examination of a considerable suite of the teeth of Psammo- 
dm must convince one of their having originally occupied a serial 
position upon the jaws, stretching across from side to side, in the 
manner exemplified by the Myliohates of Tertiary and existing seas. 
Indeed, Dr. de Koninck alludes, loc. c, to a series of three teeth of 
the species P. poroms, found by Mr. Neilson in the mountain lime- 
stone deposits near Glasgow (N. B.), which still retain their relative 
position to one another, and with which the distinguished palaeon- 
tologist reconstructs the dental armament of the jaw. But perhaps 
the most complete and satisfactory .information to be derived from 
isolated detached teeth is that secured by Mr. Springer of the species 
bearing his name, from the Upper Burlington limestone of our Lower 
Carboniferous series. The latter are so well preserved as to furnish 
many and highly desirable details without which still some uncer- 
tainty might intervene to a satisfactoiy conclusion on the chief points 
relating to the disposition of the teeth upon the jaws. These show 
conclusively that the teeth were arranged in at least double rows, 
not exactly opposite, but the tooth of one or other row in advance 
of its mate, the articular border showing obliquely truncated facets 
at one or other angle by which it is coadapted to the articular faces 
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tlloportonthe GgoIokf of Londonderry, etc. by J. PI. Portlock, F. U.S., F.G. S., etc., 
1843. p. 4C2. 
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of the two contiguous teeth of the opposite parallel row, thus pro- 
ducing an asymmetrical alternating arrangement only less symmet- 
rical than '^obtains in the modem MyliobcUes. That their real affini- 
ties are with the Myliodonts there can be no doubt; but whether 
they should be regarded as entitled to a specific family rank distinct 
from their living allies, we do not deem ourselves prepared at the 
present moment to affirm. As far back as 1862, Professor Agassiz, 
as is well known to his students who were at that date and subse- 
quently matriculated at Cambridge, had recognized the ordinal rela- 
tionship of the Psammodi, and besides the typical Psammodus he 
also included the several allied genera of the Aetobates type antici- 
pated thus early in the earth's history by the genera Copodus, Pleuro- 
gomphus, P'umacodus, Labodus, Dimyleus, etc., which were recognized 
from mountain limestone species occurring in the British Islands. 

Notwithstanding the incompleteness of our materials in certain 
important particulars, we deem it something more than mere con- 
jecture the assignment of the forms to definite positions upon the 
jaws. As is well known, the maxillary dentaries of Myliohates present 
a gently longitudinally arched condition so far as relates to the grind- 
ing surface of the series of teeth with which the jaw was paved 
across; and that the mandible presents in comparison a triturating 
surface strongly rolled in the same direction. The same state of 
things may readily be appreciated in a suite of examples of Psam- 
modus : The nearly plane or longitudinally slightly arched and trans- 
versely more or less concave coronal contour of the teeth, may with 
reason be regarded as having belonged to the upper jaw; and those 
teeth which exhibit a contour almost the reverse of that just noticed, 
being perceptibly more strongly arched longitudinally, also trans- 
versely convex, with a more rapid convergence of lines projected 
vertically to the coronal surface downward from either margin, indi- 
cate for a series of teeth a more strongly rolled surface area than 
in the above mentioned form, and corresponding in this essential to 
the teeth composing the series of the mandible in the Myliodonts. 
But the collections, both European and American, afford examples 
of a form which, possessing essentially the outline and contour of 
the previously mentioned forms, differ from them in their oblong 
shape, being relatively longer than wide, and the depressed median 
region and rounded condition of the coronal folds along the lateral 
borders. All of the examples of the latter form which have come to 
our notice are further distinguished by the relatively great depth of 
the basal portion, which, however, in other respects intimately agrees 
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with the associated forms. They plainly held a lateral position, and 
from the character of the articular border, especially as displayed 
in mature individuals, they apparently alternated with a row of me- 
dian symmetrical teeth, of whose remains, however, not a vestige 
has been detected in the collections accessible to us. In the event 
of the above inference proving well founded, the latter form would, 
with its associates, present a dental formula entirely unique and dis- 
tinct from what obtains in typical Psammodiis. There is marked 
diversity amongst the latter, as will be made apparent in the sub- 
joined descriptions of species. 

Attention is also directed to certain resemblances existing between 
the Psammodi and Cochliodonts . As is well known, the teeth of 
the latter were disposed on distinct rami of the jaws, instead of 
spanning the jaws from side to side, as is the case with the 
Psammodonts. But in respect to the outer lateral borders of certain 
forms of teeth representative of the two families, characteristics are 
observ'ed which hardly are to be relegated to the category of mere 
resemblances, and the presence of which suggests interesting homolo- 
gies between the respective forms belonging to either group. In 
this way the projection of the basal rim beyond the coronal border 
in the external border and its prolongation into an acute spur 
terminating at the posterior extremity, are unquestionably the same 
in the exterior and posterior terminal forms of either family, — the 
posterior teeth of Cochliodonts homologically corresponding with the 
form constituting the exterior rows of teeth in the Psammodonts, 
even the direction of the obliquity of this side adding stress to the 
likeness in which the forms of both families share. The succeeding 
forms of the Cochliodonts find their representatives in the inner 
rows (where such exist) of the Myliodonts, and in those genera of 
the latter in which the jaws are arched by a single row of dental 
plates. The condition is such as would be produced were the rami 
of the Cochliodont jaws drawn out into a transverse position and 
their dental armature consolidated into single plates stretching from 
side to side across the symphysis. Indeed, in these early forms a 
much more intimate relationship exists between the types of these 
two great orders of Selachians than obtains between their represen- 
tatives of later geological times. 

The genus is strictly of Carboniferous origin and duration, indeed 
beginning nearly at the dawn of the earlier period and ceasing at 
its close. The Coal Measures thus far have not yielded a trace of 
the remains of Psammodus, 
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PsAMMODus Springeri, St. J. and W. 




^tfnl'si^rfac^i^"^*'" ''''^^"' ^'"""^ ^^''''°' ^"^' surf iices exposing the coarse osse- 
bItIos T'"^"^^^"^ P'-^fl^^ ^^ mandibular ^^g structure which extends to the 
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Mandibular teeth rhomboidal in 
outline, yariable in the propor- 
tions of length and breadth; an- 
terior and posterior margins nearly 
parallel; very gently and irregu- 
larly curved forward, the coronal 
belt occupying less than one-third 
the vertical height of the tooth, 
extending deepest in the anterior 
margin, and in well preserved ex- 
amples crenulated with vertical 
plica>, producing an exceedingly 
beautiful sculptured belt well de- 
fined from the deep basal portion 
by a slight inbeveled band; the 
basal portion is also marked by 
spJilfeT''^'^'''''^'^''^'''^^^^^'''^ vertical rugosities, worn 
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seHes/'*^''"'''^''^*''*'^'''"''^^^''^"''''''^*^"^*^ dense, t^iin inferior layer. The 
inner border is usually nearly straight and vertical, the enamel belt 
continuous with that of the margins, though less distinctly sculptured ; 
one or other angle of the border is truncated at a slight angle, 
presenting an aii;icular facet of variable extent, though not always 
well defined from the greater articular face. Outer border presenting 
a more or less rounded angle in front, gently curved and terminating 
in a more or less produced angle or spur posteriorly; the coronal 
enamel is well defined and margined posteriorly by a widish expan- 
sion of the basal border, which is continued into the posterior spur. 
Coronal surface very gently and regularly arched longitudinally, the 
angles of the posterior and anterior margins and inner articular 
border sharj^ly defined, that along the outer border rounded from the 
lesser coronal fold of that side, which is sometimes defined by a nar- 
row impressed line, though usually merging into the shallow median 
depression, from wliicli rises the wider, very slight convexity that 
occupies the inner portion of the surface. In some specimens the 
coronal surface shows distinctly the prismatic structure, the minute 
punctie being less discernible. 
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The teeth are so variable in relative dimensions that comparative 
measurements are of little use for other purpose than to show the 
maxima attained by the species, as indicated by the breadth; thus, 
the largest perfect example shows a transverse diameter across the 
posterior margin of 33 mm., the smallest perfect tooth measuring 
about 16 mm. in breadth. 

A form diflFering from that above 
noticed chiefly in the proportion- 
ately greater length of the teeth, 
compared to their breadth, giving 
them a more lozenge-shaped outline 
are quite as numerously represented 
in the collections, and which we sup- 
pose to have constituted the arm- 
ature of the opposite jaw of the 
same species. Examples of much- 
worn, mature teeth present an 
almost regular arch, or curvature, 
from the inner anterior to the outer 
posterior spur angle without dis- 
tinct intermediate angulation at the 
junction of the exterior border with 
the anterior margin, and the inner 
coronal prominence, as also the 
outer lesser ridge, is reduced to a 
nearly plane surface transversely. 
The inner articular border is quite 
straight, extremely thickened and 
wedging out towards the exterior 
border; in every instance of the teeth here admitted, the truncated 
facet is extremely small, sometimes occurring at one angle, again at 
the opposite ; however, most of the specimens being truncated at the 
posterior angle. The very gentle longitudinal convexity of the coronal 
surface of the tooth indicate that the curvature of the series constituted 
a smaller segment of a circle than was the case with the before- 
mentioned form; hence the supposition of their maxillary position. 
In dimensions, as also in surface structure, the form agrees with 
that previously noticed. 
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Diai;ram of maxillary tooth of Paammo- 
duH Springeri. 

a. Maxillary sorios. triturating surface. 

h. Transverse profile of maxillary se- 
ries. 

c. Longitudinal profiles of maxillary 
series. 
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The above noticed forms are about equally represented in num- 
bers in the collections from the Upper Burlington "fish-bed," where 
they are not uncommon fossils. The truncated articular facets vary 
somewhat in extent as they do also in position, occurring in one 
individual at one angle and in another at the opposite angle ; and 
judging from the character of the articular border, it seems most 
probable that the teeth were ranged in double rows, the individuals 
of one or the other range slightly in advance of the corresponding 
teeth of the opposite range, the long articular face and short fax^et 
of one tooth joining the same parts of the opposite contiguous tooth. 
This presumed disposition of the teeth produces the alternating ap- 
pearance shown in the outline diagrams given in connection with 
the illustrations of the several sorts of teeth here specifically asso- 
ciated. The individuals of the two forms show precisely the same 
variability in the truncated angle of the inner articular border, though 
the asymmetry is much less pronounced in the supposed maxillary form 
than it is in the shorter form referred to the mandible of the same 
species. Indeed, it is the absence of symmetry in these teeth that 
offers one of the strongest contrasts with the living representatives of 
the family. Yet it should be remembered that the existing Myliodonts 
are subject to abnormal variations, such as the interpolation of an 
extra row of lateral dental plates, while the individuals of the sev- 
eral ranges are placed in alternating order. The collections have 
been ransacked, but without result in revealing the vestige of a sym- 
metrical median dental plate, such an one as would restore to the 
rows of teeth a perfectly symmetrical arrangement, like that illus- 
trated in the hypothetical diagram annexed, the lateral forms of which 

will readily be recognized in the 
illustrations of actual specimens^ 
We can, therefore, only conjecture 
the possible existence of median 
teeth similar in shape to the sup- 
posed form shown in the diagram, 

aIi\^{'Xll"oi&'^p.^^^^ their absence amongst the 

score and a half of examples of the lateral forms contained in the 
collections, would seem to afford slight grounds for the supposition 
of the existence of intermediate symmetrical teeth in the dental 
formula of the genus to which the species belongs. 
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Geological position and localities : Upper Burlington limestone, "fish- 
bed;" BaflSngton creek, Louisa county, Pleasant Grove, Augusta, 
and Burlington, Iowa ; Cedar creek, Henderson county, and Quincy, 
Illinois. 



PsAMMODus TUMiDus, St. J. and W. 

PI. XIV. Fig. 1-4. 

The collections contain several examples representing two forms 
corresponding with the supposed mandibular and maxillary teeth of 
the foregoing species, Psammodm Springeri, of the same deposits, and 
which, presenting apparently persistent characters by which they 
may be distinguished, we are led to provisionally indicate under a 
distinct specific appellation. Presenting the same general outline, 
they are distinguished from P. Springeri principally by the greater 
extent of the truncated angle of the inner articular border and the 
distinct longitudinal rugosities that make a highly wrought orna- 
mental belt usually extending a short distance forward from the 
posterior margin, both of which characters are common to the two 
forms. The short, broad mandibular teeth do not differ otherwise 
to any marked extent from the same form of the above-mentioned 
species, unless the crown shows a somewhat greater transverse con- 
cavity and more strongly arched contour from within outward; 
however, the prominence along the inner lateral border is somewhat 
more distinctly defined by longitudinal furrows than is observed in 
the corresponding teeth of P. Springeri. But in respect to the max- 
illary form, the most striking contrast is noticeable in the latter 
particular. The inner coronal prominence becomes strongly devel- 
oped, presenting a distinctly defined lobe, laterally rounded with 
steep declivity falling to the depressed median area, which in some 
instances is quite strongly plicated longitudiually in addition to the 
rugose belt ornamenting the crown surface immediately along the 
posterior margin; in worn examples the rugose sculpturing is obso- 
lete. In the majority of instances the limit of the inner coronal 
ridge is defined by a narrow impressed line. The lesser coronal 
ridge along the exterior lateral border bears intimate resemblance to 
P. Springeri, and the same observation may be applied to the super- 
ficial structure of the teeth. 

At the outset we were inclined to regard the teeth above referred 
to as merely variations from the normal condition of Psammvdns 
Springeri. Indeed a more extensive suite of material may possibly 
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prove them to be specifically identical. The individuals exhibit pre- 
cisely the same variableness as regards the position of the tmncate 
angle of the articular border, though, as has been already remarked, 
the facet is of greater extent; indeed, in some instances occupying 
nearly half the length of the border. 

Geological position and localities: Upper Burlington Umestone, 
chiefly from the main ''fish-bed,'* a single example from the upper 
fish-bed horizon; Buffington Creek, Pleasant Grove, Augusta, Iowa, 
and Quincy, Illinois. 

PsAMMODUs TUROiDUH, St. J. and W. 

PI. XV. Fig. 4. 

A unique example of the maxillary tooth, derived from the fish- 
bed of the Burlington-Keokuk ** division beds," shows a still wider 
divergence from Psammodus Springeriy and which we have provision- 
ally recognized under the ab6ve specific designation. In outline the 
tooth resembles the same form of P. Springeri and P. tumidus, its 
relationship with the latter being most intimate. The inner border 
is nearly equally divided into two long articular facets separated by 
an angulation, the truncate facet being at the posterior angle, the 
coronal belt very deep and well defined from the sUghtly channeled 
basal portion. The inner coronal ridge is very prominent, occupy- 
ing fully half the transverse diameter of the crown, broadly arched 
in both directions and defiined from the median depression by a 
sharp impressed line; outer lateral border not known. The surface 
shows a minute punctate structure through the dense enamel layer 
enveloping the crown; along the posterior margin the surface pre- 
sents a beautiful rugose appearance from the beaded longitudinal 
plicffi, which extend some distance from the margin, and the artic- 
ular border as also the preserved portions of the anterior and i)08- 
terior margins are similarly ornamented with vertical rugosities. 
The specimen measures between the angles of the inner border 
15.5 mm, probably about the same as the greatest transverse diam- 
eter at the posterior margin. 

A solitary and somewhat mutilated specimen, obtained by Mr. 
Springer from the main fish-bed of the upper Burlington limestone, 
presents exactly the same character of inner articular border that 
distinguishes the above described tooth. But the coronal prominence 
of the latter example, although very broad, is comparatively low and 
merging into the shallow median depression, which was apparently 
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bordered exteriorly by a nearly straight, vertical face similarly 
marked to the other vertical sides by vertical beaded rugosities. 
This specimen, if it is correctly deciphered, has a nearly rectangu- 
lar outline so far as relates to the external border and the anterior 
and posterior margins, the angulation of the inner border giving the 
tooth a pentangular figure. Taking into consideration the vertical 
condition of the straight exterior border, which shows features con- 
sonant with an articular face, this tooth certainly suggests a form 
not hitherto recognized, and which is at the same time a true 
Psammodus. It is possible that the specimen represents one side of 
a median series of teeth comprising two ranges, the inner articular 
borders alternating and the exterior borders joining the inner artic- 
ular borders of teeth of the form of those described under P. 
Springeri, &c. ? The specimen is strongly suggestive of such a com- 
bination of dental elements, after the fashion sketched in the an- 
nexed cut, Fig. a. The specific 
identity of the *' division bed " 
tooth and that last referred to 
from the main fish-bed of the 
Upper Burlington, is only conjec- 
turally inferred. The partially 
shaded pentagonal plate on the 
right of the double median series 
gives a reduced outline of the 
aw^.''^''^^'''''^'****''''"''''^*'''""'''''"* ''''"■ specimen here referred to. 

Geological position and locality: Fish-bed of the Upper Burlington- 
Keokuk division beds; DesMoines Co., Iowa. 




PsAMMODUS LoMANUs, St. J. and W. 



PI. XIV, Fig, 7-9. 

Teeth attain medium size. Maxillary form subrhomboidal in out- 
line, rather strongly arched from within outward. The margins 
gently arched forward and parallel, the anterior margin apjmrently 
somewhat strongly inbeveled, though really vertical to the edge of 
the crown surface, posterior margin showing a belt of enamel ex- 
tending perhaps one-fourth its depth, and well defined from the 
slightly excavated base. Inner border making nearly a right-angle 
with the margins, the truncated posterior angle reaching about one- 
fourth the distance of the border, and making a rather strongly 
marked angulation with the anterior portion of the articular face. 
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The enamel belt also distinctly defined and delicately sculptured 
in vertical rugosities, traces of which are also detected in the belt 
of the anterior and posterior margins; outer border gently curved, 
and very gradually diverging from the rounded anterior angle to 
the posterior angle, which terminates in a somewhat produced 
spur, the basal portion projecting prominently beyond the border of 
the crown, which is limited by a narrow enamel fold. The coronal 
region presents a remarkably uniform surface, in the main gently 
depressed transversely without well-defined inner prominence, and 
rather abruptly upraised along the outer border, which forms the 
most prominent part of the coronal surface. The worn surface ex- 
hibits minute punctation, and the less worn portions show a delicate 
reticulate structure, produced by the walls of the vertical prisms 
enclosing the medullary tubes. Greatest diameter across the poste- 
rior margin, 53 millimeters ; length along the inner margin, about 30 
mm. ; breadth across anterior margin, 88 mm. ; thickness of tooth, 
about 16 millimetres. 

Mandibular form subquadrangular in outline, moderately arched 
in both directions. Inner border marked by a slight angulation de- 
fining the anterior and posterior articular facets which are appar- 
ently nearly equal in extent, coronal enamel well defined along the 
deep, slightly inbeveled basal portion ; exterior border gently arched, 
very gradually converging toward the obtuse or sharply rounded 
anterior angle, the basal portion projecting more or less beyond, 
and well defined from the rounded coronal border ; anterior and pos- 
terior margins making the same slight sigmoidal curvature, with a 
shallow concavity in front and a corresponding broad convexity 
behind from the inner angles, the basal portion all around more or 
less distinctly marked by vertical rugosities. The greater area of 
the coronal region is occupied by the broad low convexity of the 
inner prominence, which is rounded to the inner border, and on the 
other hand slopes into the narrow shallow depression bordered by 
the narrow fold along the outer border ; in front, the coronal prom- 
inence presents a lunate, slightly depressed area, extending back 
from the anterior margin a greater or less distance, evidence of wear 
while in use. The surface presents, apparently, the same character 
of punctation obseiTed in the above noticed form. Greatest trans- 
verse diameter across the posterior margin, 35 mm. ; length along 
inner border, 26 mm. ; breadth at the anterior margin, 28 mm. 

The present species, represented by the two above mentioned 
forms, is known from half a dozen individuals in a more or less 
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imperfect state of preservation. A nearly perfect mandibular tooth, 
save for the mutilation of the outer posterior angle, from the Lower 
Burlington limestone, may not be distinguishable from less perfect 
specimens from the main fish-bed of the Upper Burlington in which 
occur the maxillary teeth described. The almost quadrangular shape 
of the form and its proportionately narrower transverse diameter are 
the only apparent characters inconsistent with their association with 
the typical example of the supposed maxillary form above noticed. 
The same horizon in the Upper Burlington limestone at Quincy, 
however, has afforded Professor Worthen a unique specimen of a 
tooth referable to the same form, which is distinguished by its nar- 
row lateral diameter and more quadrangular outline, which, together 
with the course of the anterior and posterior margins, strikingly re- 
semble the opposed form mentioned above ; its transversely depressed 
coronal surface, however, clearly discloses its homological identity 
with the supposed maxillary form. Greater or less variability in the 
proportions of these teeth may be readily anticipated, and the latter 
example may be merely an unusually elongate tooth of the same 
species as that regarded as the type of the species, first described 
above. However, should this supposition prove to be erroneous, the 
last mentioned tooth would then be a unique representative of a 
distinct species, while the narrow tooth would probably be identi- 
fiable with the species to which the maxillary teeth described above 
belong. 

The forms described differ in so marked a manner from those of 
the previously described species, Psammodus Springeri, P. tumidvs, 
F. turgidm, as not to require special review of these distinctive fea- 
tures. The maxillary form ofiFers a typical example of the genus, 
and which strongly resemble individuals of P. porosus, Agass. The 
specific name is given in honor of Mr. James Love, of Burlington, 
to whom we are indebted for many favors. 

Geological position and localities: Lower and Upper Burlington 
limestone; Burlington, Iowa, and Quincy, Illinois. 

PsAMMODUS OLYPTUs, St. J. and W. 

PI. XIV. Fig. 5. 6. 

There are two imperfect specimens of large-size teeth in the col- 
lections representing opposed forms of the upper and lower jaws, 
which are distinguished by the very blight longitudinal convexity and 
by the following characteristics respectively: The form probably 

—14 
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referable to the lower jaw is apparently subquadrangular in outline, 
the coronal surface regularly transversely arched into the low prom- 
inence which occupies the greater part of its area, a shallow de- 
pression extending along the outer border; the coronal belt in the 
anterior margin and inner border extends one-fourth or one-third 
the depth, and is marked by delicate vertical rugosities, and dis- 
tinctly defined from the basal portion, — the posterior and outer sides 
unknown. The surface of the crown presents an elaborate sculp- 
tured appearance from the delicate rugosities which are disposed in 
longitudinal lines, a narrow worn belt along the' anterior edge ex- 
posing the minute punctate structure, the surface here also showing 
faint transverse undulations. The supposed maxillary form presents 
a broad shallow concavity in the transverse diameter, and very 
gently arched longitudinally,'the enamel forming a well-defined belt, 
deeper along the inner articular border than at the anterior ( ?) mar- 
gin, which is rather strongly inbeveled. The coronal surface presents 
an exceedingly intricate rugose ornamentation, the rugosities appar- 
ently not conforming to any definite direction. The examples attain 
a breadth of 40 to 50 millimetres, but they are too imperfect to show 
details other than those noticed. 

The first noticed form bears marked resemblance tq the corre- 
sponding form of Psammodus Lovianus in outline and contour, so far 
as these features are decipherable, and the peculiar rugose ornamen- 
tation of the coronal surface may be that of a tooth which has been 
less exposed to wear than the examples noticed under the latter 
specific designation. Still the present tooth differs from that form 
in having a more angular inner border, the crown in P. Lovianus 
being rounded to the enamel belt of the articular border. In rela- 
tion to the companion tooth described above, its mutilated condition 
hardly affords the necessary data for the restoration of its outline and 
coronal contour, but the beautiful ornamentation of the surface is well 
displayed. In the latter character the tooth departs so widely from 
the specimen with which it is provisionally associated that we are 
inclined to regard their specific identity as improbable. In the pe- 
culiar sculpturing of the coronal surface it bears greater resemblance 
to the Keokuk species, P. grandis, though the disposition of the 
rugae is much less regular than obtains in the latter species. 

The same formation affords a fragment of a small tooth belonging 
to the form individuals of which we have elsewhere noticed under 
the specific designation Psammodus crassidus. The specimen preserves 
only a part of the outer border, which shows a somewhat oblique 
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direction, making an obtuse angle with the anterior margin and 
which is strongly beveled from the acuminate culmination of the 
outer coronal ridge; the crown is rather deeply depressed trans- 
versely, and very moderately arched longitudinally, presenting a 
beautifully sculptured surface which bears a striking resemblance to 
the style of ornamentation observed in the typical specimen above 
described. The specific identity of the present example with that 
form, however, is merely conjectural. The specimen is of especial 
interest from the fact that it belongs to an opposite row, — all the 
individuals of P. crassidus at present known being from the same 
side. 

Geological position and localities: Upper Burlington limestone, main 
fish-bed ; Quincy and Cedar Creek, Henderson county, 111. 



PsABfMODUs ORANDis, St. J. and W. 

PI. XV, Fig. 1-8. 

Teeth attain large size. Maxillary form subrhomboidal in out- 
line, moderately arched longitudinally, gently depressed transversely. 
Inner articular border nearly straight,— one specimen showing a 
slightly truncated posterior angle for the lesser articular facet, 
while a smaller individual shows a faint angulation a little in 
advance of the middle, but so disfigured by abrasion as not to 
clearly show its character. Coronal enamel forming a narrow fold 
more or less well defined from the deep basal portion; outer border 
not preserved ; anterior margin very gently curved or nearly straight ; 
posterior margin gently arched, more or less irregularly undulated, 
especially in mature teeth. Coronal surface in young examples 
smooth and regularly convex and concave in the two diameters, 
maturer individuals being traversed by more or less conspicuous 
transverse undulations, and which are even faintly discernible in the 
earlier-formed smaller teeth. The surface is elegantly sculptured, 
the rugose lines showing a decided transverse arrangement, though 
sometimes taking an oblique course over limited areas, and in the 
more exposed parts presenting a reticulate appearance like Arabesque 
designs, and in worn surfaces becoming obsolete where the ordinary 
minute punctaB appear. A small tooth presents the following rela- 
tive proportions: Breadth across posterior margin, about 30 milli- 
metres; breadth across anterior margin 24 mm; length along inner 
articular border about 20 mm. 
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Mandibular teeth subquadrangalar in outline, rather strongly 
arched from within outward. Lateral borders unknown. The ante- 
rior and posterior margins marked by a narrow coronal fold well 
defined from the . basal portion, which latter in front is sUghtly 
channeled with a corresponding convexity along the posterior mar- 
gin. The coronal region, besides the rather strong longitudinal 
arching, presents a gentle transverse convexity, which probably 
occupies the greater extent of the coronal area. The anterior half 
or more of the surface is occupied by a transverse prominence, 
behind which the surface steeply slopes to a wide plane area bor- 
dering the posterior margin, presenting a contour somewhat cor- 
responding to that of mature examples of the opposite jaw. The 
rugose ornamentation and punctation of the coronal surface presents 
a repetition of the characters noted in connection with the maxillary 
form. The imperfect sole representative of the form shows a longi- 
tudinal diameter of 90 millimetres, indicating the huge dimensions 
attained by the fishes represented by the present teeth, and which 
was, so far as we are aware, the largest of its kind. 

The above species is known to us from a couple of imperfect teeth 
referable to the upper jaw, and a narrow section of a gigantic speci- 
men belonging to the opposite jaw or mandible. The smaller of the 
maxillary teeth shows scarcely a vestige of the rugose coronal orna- 
mentation, the surface on the contrary being densely occupied by 
the exposed orifices of the vertical tubes, which exhibit various stages 
of wear, from the simple punctae of excessively abraded areas to the 
crater-like form surrounded by a rim of intensely hard substance, 
the punctae simple or confluent, with discernible traces of the coarser 
prismatic structure. We are inclined to regard this tooth, at first 
sight so dissimilar in its superficial aspects, as specifically identical 
with its associates. It is an extremely rare species, and we regret 
the lack of materials necessary for a comparison with the forms of 
the typical European species with which it shares many points of 
resemblance. 

Geological position and localities: Keokuk limestone, Keokuk and 
Bentonsport, Iowa. 
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PsAMMODUs PLENUS, St. J. and W. 

PI. XVI, Fig. 1-4. PI. XVII, Fig. 1-4. 

Teeth attain large size. Form supposed to pertain to the upper 
jaw subrhomboidal, or of a laterally elongate-trapezoidal outline, 
gently arched antro-posteriorly. Margins nearly parallel, somewhat 
irregularly undulated, making a shallow concavity and then very 
slightly arched toward the antero-lateral angle, the reverse occurring 
in the posterior margin where the concavity is in the approach to 
the posterolateral angle, both margins inbeveled or perpendicular 
to the crown surface, the anterior having greatest apparent obliquity, 
and defined above by the narrow coronal belt which constitutes less 
than one-fourth the depth of the face; the inner border is nearly 
straight, showing a faint angulation a little posterior of the middle, 
and a narrower truncated articular facet at the posterior angle, the 
coronal folds of the margins forming a continuous belt well defined 
from the moderately channeled basal portion, which terminates in- 
feriorly in a narrow rim; the outer border is very gently arched, 
converging at an angle of about 15°, more or less, with the oppo- 
site border, and generally sharply rounded at the anterior angle, 
terminating in a more or less produced, acute angle posteriorly; in 
small or earlier- formed teeth the outer border is sharply inbeveled 
above and somewhat deeply channeled, limited by the narrow fiange 
or basal rim below; but in larger individuals the basal portion in- 
creases in prominence, forming a massive border extending consid- 
erably beyond the coronal limits and terminating in a more or less 
produced spur at the posterior angle. Coronal surface smooth, 
gently arched longitudinally and between the lateral borders, making a 
broad, shallow concavity, forming an angle along the inner border 
and sharply rounded in the narrow coronal fold along the outer 
border, where it is well defined from the basal portion in small and 
large examples alike. The crown surface is uniformly minutely 
punctate, the pores being considerably spaced and confined within 
the easily discerned vertical prisms. However, the surface structure 
varies according to the state of preservation. In much worn exam« 
pies the punctae are coarse and crowded, while in others under an 
ordinary lens the radi of calcigerous tubes around the orifices of 
the pores and the minute prismatic structure of the inter-spaces are 
beautifully revealed. Again, the lines of growth generally describe 
a segment of a broad circle with the convexity toward the posterior 
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margin, showing that the formative nucleus was situated nearly 
midway the anterior margin ; in excessively worn individuals, whether 
from use or abrasion subsequent to dislodgement from the jaw, the 
posterior margin presents a broad convexity between the posterior 
lateral angles, markedly in contrast with the actual curvature in 
perfect teeth. A small tooth measures in greatest diameter across 
the posterior margin 29 millimetres, length along inner border about 
16 mm. The perfect state of preservation of many of the specimens 
afford a fine exhibition of the character of the inferior surface, and 
which is applicable to all the species of the genus to greater or less 
degree. Conforming in a general way to the coronal contour, it is 
enveloped in a thin smooth layer of dense matter faintly striated 
longitudinally, forming a low ridge or angulation about one-third 
the distance from the inner border from which the surface regularly 
slopes to the lateral borders, the tooth showing its maximum depth 
at the posterior margin. 

Teeth supposed to have been opposed to the preceding form, or 
pertaining to the mandible, are distinguished by their subquadran- 
gular outline and relatively narrower transverse diameter compared 
to the length. The anterior margin is broadly arched forward* with 
a slight concavity near the inner angle, which is slightly auriculate 
and sharply rounded at the outer angle; the posterior margin pre- 
sents essentially the same outUne, both margins faintly channeled, 
the posterior one most strongly inbeveled, the anterior nearly ver- 
tical. The inner border is nearly straight^ making a faint angula- 
tion a little posterior of the middle in medium-size teeth, a slight 
articular facet occurring at the truncated posterior angle, the artic- 
ular face faintly channeled and somewhat strongly inbeveled; outer 
border very gently arched and gradually converging anteriorly, basal 
portion in small and medium-size teeth rather deeply channeled, in 
larger specimens showing a thick rim extending considerably beyond 
the coronal limits and terminating in a produced spur posteriorly. 
The coronal surface is very gently arched longitudinally forward 
from the rather steep decUvity bordering the posterior margin, and 
gently convex transversely, a narrow channel bordering the inner 
and posterior sides, which, together with the anterior margin, are 
defined by an abrupt angle, the coronal enamel forming a narrow 
fold encircling the tooth; along the exterior border the coronal sur- 
face is ordinarily abruptly rounded to the angular demarkation 
between crown and base, but in large teeth this angle is less promi- 
nent, though the coronal limits are still well defined ; a slight longi- 
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tudinal depression is discernible a little within and parallel with the 
outer border. The surface is smooth and full, the superficial struc- 
tural details exactly agreeing with those observed in the preceding 
form. In the unworn rounded outer border of one or two specimens 
the coronal enamel presents faint rugosities apparently conforming 
to the lines of growth, and which must have produ^^ed an exceed- 
ingly delicate sculptured appearance in the surface. A small indi- 
vidual measures in transverse diameter across the posterior margin 
13 millimetres; length along the inner border 14 mm. A medium- 
size specimen is 85 mm., and 26 mm. in the same dimensions; and 

the largest individual as yet observed shows a lateral breadth of 53 
mm. 

The above described forms undoubtedly pertained to one and the 
same species. They occur in the collections in about equal numbers, 
and present precisely the same superficial features in all respects 
save outline and contour. The supposed maxillary teeth apparently 
vary but little in proportions. The larger teeth differing from the 
small ones chiefly in the greater basal development in the region of 
the outer border. A fragment of a very large tooth obtained by Mr. 
Alexander Butters, representing an individual which was probably 
not less than 90 millimeters in lateral diameter, presents the same 
coronal contour in every particular, save the rounded posterior angle 
of the inner border and the irregular, deeply scolloped posterior 
margin, which may be likened to a line of overhanging cliffs. The 
latter specimen is also of interest on account of showing the perma- 
nence of depth maintained by the enamel belt, which is dispropor- 
tionately shallow as compared with the relative dimensions of the 
tooth, while the basal portion is excessively developed. 

In regard to the supposed mandibular teeth, there is observable 
a much greater latitude in variability, especially in the proportions, 
with age. The earlier formed teeth are relatively longer, while the 
larger individuals show a greater transverse breadth, with which 
latter character is also associated that noted in large examples of 
the opposed form, in which the basal portion is developed into a 
prominent flange along the exterior border. The collections contain 
two large teeth, which differ so greatly from the normal condition 
of medium and small-sized examples, that they might be mistaken 
for representatives of a distinct species. The latter teeth are very 
broad compared to the length, and to further obscure their proba- 
ble actual specific identity, the posterior margin is in both cases 
broken away, its outline conforming to the backward-arched lines of 
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growth, instead of presenting the forward curvature or moderate 
concavity characteristic of perfect teeth. The anterior margin, also, 
shows an accurate outline, with auriculations at either angle, which 
may be attributable in part to wear from the severe usage to which 
the teeth were subjected during the life of their possessor. The 
backward curvature of the lines of growth, which appear to be in- 
dicated by alternating belts slightly varying in density and hardness, 
are the same as above remarked in the maxillary form. 

It is a singular, not to say extraordinary, circumstance that none 
but left-side individuals of the supposed maxillary form and right- 
side teeth of the mandible exist in the collections, which contain a 
score and a half of specimens in all conditions of preservation. 
Supposing the teeth to have been ranged in double rows upon the 
jaws, the impingement of individuals of opposite rows at their 
oblique articular inner borders gives to the transverse section a 
marked concavity, while the inbeveled apparent obliquity of the 
anterior and posterior margins indicate a considerable fore and aft 
arching in the coronal contour of the series of maxillary teeth. The 
individuals of the opposed mandibular form, viewed in the same 
relative position, present contour diametrically opposite to those 
noted in relation to the maxillary series, the transverse section of 
the double row showing a convexity conforming to the concavity of 
the opposed series, though the longitudinal arching of the series o£ 
the latter form was perceptibly less than that of the mandibular 
series. The latter observations apply to the small and medium size 
teeth, but in the large mature teeth the longitudinal convexity of 
the crown seems to be more pronounced, which would give to the 
series of teeth upon the jaw a greater relative convexity from be- 
hind forwards. However, it will have become apparent, that there 
is intimate correspondence in the coronal contour and co-adapta- 
tion of triturating surface in the two forms here associated under 
the same specific designation. And, however large the materials in 
our possession, it is hardly more than suggestive of the complete 
history of the species they represent. 

An imperfect tooth from the same formation at Grand Bapids, 
Michigan, kindly submitted to us for examination by Prof. E. A. 
Strong, appears to be intimately allied to the present species. The 
specimen is also a left-side tooth of the mandibular form, from 
which the enamel layer has been exfoliated, revealing a beautiful 
punctate surface quite in contrast to that usually prevalent in the 
teeth derived from Missouri and Illinois localities. The medullary 
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tubes are raised into crater-like prominences encircled by delicate 
radi, giving to the surface a beautiful stellate ornamentation very 
like that so commonly met with in the teeth of Cochliodonts. The 
general outline agrees with that of typical examples, the posterior 
margin in the worn condition conforming to the bands of growth; 
but the coronal contour shows a greater fullness in the inner half, 
in which particular it bears greater resemblance to the Chester 
species Psammodus angularis, N. and W. However, similarly pre- 
served examples from Alton show a less regular concavity in the 
transverse profile and corresponding fullness in the inner half, ap- 
proximating the conditions observable in the Michigan example. It 
is much to be desired that larger materials from the latter quarter 
be obtained, in order to trace more definitely the characteristics of 
its piscine fauna and its relations to that of the southern and south- 
western areas of the same deposits. 

The maxillary tooth bears somewhat marked resemblance to the 
same form of teeth occurring in the Upper Burlington limestone, 
Psammodus Loviantis, but the associate mandibular teeth are quite 
different from those identified with the latter species, as will be 
manifest on comparison of the illustrations given of the two species. 
We regret the lack of material permitting detail comparison with 
the European species P. porosus, Agass., although little doubt is 
entertained respecting the specific distinctness of the above described 
forms. 

Geological position and localities: Not uncommon in the St. Louis 
limestone ; St. Louis, Mo., Alton, and Monroe Co., 111., Grand Bapids, 
Michigan. 

Psammodus cjelatus, St. J. and W. 

PL XVni. Fig. 1. 

A fragment of a small tooth from the St. Louis formation at 
Pella, offers so well-marked peculiarities that we have decided to 
notice it under the above designation. It is homologous with the 
form elsewhere referred to the upper jaw, and is distinguished from 
Psammodus plenvs, of the same formation, by the concavity in the 
curvature of the outer border, the strongly produced postero-outer 
angle, more strongly inbeveled anterior basal wall, and the rugation 
of the coronal surface, which presents a very moderate longitudinal 
convexity and transversely depressed contour. The length of the 
tooth along the outer border between the acute posterior and the 
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sharply rounded anterior angle is about 11.5 mm., the basal rim 
somewhat expanded laterally and produced posteriorly, increasing the 
length of the border to about 13 mm. The transverse diameter 
across the posterior margin exceeded 13 milUmetres ; in consequence 
of the mutilation of the inner articular border the entire breadth of 
the tooth is not shown. The posterior margin is somewhat deeply 
concave in outline, the anterior extremity was apparently gently 
arched or nearly straight, but it bears evidences of wear by which 
its outline is made to appear slightly concave, the coronal margins 
well defined from the base, making a slight angulation in front and 
behind sharply defining the inbeveled inferior basal face. 

The above described tooth is peculiar in outline, but the coronal 
sculpturing resembles that of Psammodus glyptas, also P. reticvlatus^ 
N. and W., of the Chester limestone, although it cannot be con- 
founded with either of those species. The rugae show irregular dis- 
position, in which particular the tooth contrasts with the superficial 
ornamentation observed in individuals of the form referred to P. 
crassidens, while it represents a different form from that upon which 
the latter species was based. 

Geological position and locality: St. Louis formation, Pella, Iowa. 



Psammodus crassidens, St. J. and W. 

PI. XVIII. FIflr. 2-6. 

Psammodus rugosus. Newbebbt and Wobthmt, 1866, Illinois Geol. Surv., II, p. 108, PI. XI. 
f. 3, 3 a. Not P. rugosus, Affasslz. 

Teeth attain large size, subrhomboidal in outline. Coronal surface 
moderately arched from behind forwards, somewhat steeply sloped 
in the region of the anterior margin, with a distinct longitudinal 
median depression, bordered on either side by a moderately promi- 
nent fold rounded to the lateral borders, where the coronal enamel 
is more or less distinctly defined from the basal portion of the 
tooth. The outer border is gently arched, rather sharply rounded 
into the anterior margin, terminating posteriorly in an acute angle ; 
anterior margin also broadly arched from the rounded outer angle 
to the subacute inner angle, presenting in unworn individuals a 
sharp edge inferiorly inbeveled with the basal portion; posterior 
margin closely repeats the curvature of the opposite extremity, 
sometimes interrupted by undulations, and terminating in sharp 
angles; the inner border conforms in a general way to the curva- 
ture of the opposite side, but toward the anterior extremity the 
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tooth is laterally expanded, dividing the articular border by a more 
or less conspicuous angulation into two distinct areas somewhat 
variable in extent. The basal portion of the tooth is very deep, the 
outer border considerably expanded beyond the coronal fold, more 
or less produced at the posterior angle, and inbeveled below to the 
relatively reduced inferior surface ; inner face broadly channeled and 
interrupted by the before-mentioned angulation; anterior face also 
excavated vertically and somewhat inbeveled from the plane of the 
coronal surface; posterior margin presenting a shallow vertical con- 
cavity, — the edges all round making an angle, except along the outer 
side, with the inferior surface, which latter shows a faint median 
ridge. The coronal surface presents a minute punctate structure, 
the pores somewhat widely spaced, sometimes confluent, and enclosed 
in the usual vertical prisms. Toward the posterior margin there 
appear indications of transverse rugae. The basal walls are verti- 
cally and irregularly plicated, and perforated by the irregular pores 
and occasional alviolar cavities; the abraded inferior surface shows 
delicate vermiculose markings, but in the perfect state it presents 
the usual dense, smooth layer, which also envelopes the walls of 
the base. A large-size perfect tooth measures across the posterior 
margin 32 mm., and about 25 mm. across the anterior extremity; 
length along inner border 45 mm. ; depth of tooth at the posterior 
margin 21 mm., and 20 mm. at the opposite extremity. 

The collections afford four or five examples of a form of teeth, 
which, in their coronal contour and general conformation, also in 
the details of their superficial structure, show unmistakable relation- 
ship with Psavimodus, although they present a type diflfering in cer- 
tain well-defined characteristics from the previously herein described 
species of the genus. The first authentic example of the form here 
alluded to is that described by Professor McCoy* under the name P. 
canalicvlatuSy from the mountain limestone of Ireland. The examples 
before us all belong to the same side, while that figured by Professor 
McCoy represents a tooth from the opposite side. As in the pre- 
viously described forms, the character of the articular walls clearly 
indicate the paired arrangement of the teeth, — indeed in the instance 
of the Upper Burlington species, P. Springeri, the examples froc: 
opposite rows are about equally represented in the collections, and 
the same may be said of the European species, P. porosus and P. 
rugosus (sp. ?) of Agassiz. While this statement is true so far as it 
goes, and the form in question doubtless occupied a lateral position 

1 firitlsh Paln)ozoio Fossils. 1855, p. 643. PI. 3 G, f. 12. 
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upon the jaws, we have yet to ascertain the relative disposition of 
the individual teeth thereupon. The peculiar character of the inner 
articular border permits of coadaptation neither with opposites of 
the same form, nor with the other forms with the remains of which 
the present one is associated, and we are left in doubt even as to 
the generic identity of the latter. The crescent-shaped outUne of the 
inner articular faces indicate a corresponding convexity for the outer 
border of the teeth of the contiguous row articulating with this 
form. The space intervening between opposite individuals of the 
form is Ungulate in shape, but whether it was occupied by a single 
row of Ungulate teeth, or that these were further subdivided can 
only be conjectured. On the other hand, if the dental formula 
ascribed to the Upper BurUngton species, P. Springeri, which seems 
to be well founded, attributing to it a simple biserial arrangement, 
be regarded as typical of the genus, then we should have in the 
present form a new element further complicating the dental formula 
to an extent which, if met with in existing Myliodonts, might con- 
stitute a distinctive feature of generic significance. We are, how- 
ever, fully cognizant of the meagemess of the data at this time 

possessed, and would clearly discrim- 
inate between the facts themselves 
and that which they suggest with 
greater or less degree of plausibility. 
The accompanying diagram repre- 
sents the simplest dental combina- 
tion of the form here particularly 
aUuded to. The lingulate teeth of 
the median row certainly offer strong 
resemblance to some of the generic 
forms with which Copodm comutus, 
Agass., is associated; but none such 
have been recognized in the present 
case. True, we have a form occur- 
ring in the same horizon with the 
present species which is referable to 
the latter group; but it clearly has 
no intimate relationship with the 
form in question. 
The few individuals mentioned 
Psammodus crassidens. above as Comprising the sole repre- 
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sentatives of the present form occurring in the St. Louis limestone, 
vary considerably one from the other. The large, normally entire 
tooth in the collection of Mr. Van Home is supplemented from the 
same locality by a proportionately shorter tooth, which has the 
angulation of the inner articular border situated nearer the middle 
of the tooth instead of one-fourth the distance from the anterior 
extremity as in the specimen just mentioned, with which it exactly 
agrees in other particulars. A third example from the same locality, 
at Alton, offers still other differences, as in the obliquity of the 
anterior margin, the angulation of the inner border being crowded 
forward and merged with the inner lateral angle, the stronger develope- 
ment of the outer basal rim, and the prominent transverse ruga3 
that envelope the posterior two-thirds of the coronal surface, the 
anterior slope and the ridge parallel with the inner border being 
worn smooth, reveaUng the ordinary punctate structure noted in the 
above mentioned specimens. A smaller tooth derived from the same 
formation, at Pella, differs from the above in the very slight 
developement of the angulation in the articular border, which is 
situated about one-third the distance from the anterior angle; the 
coronal fold also shows a sharp angulation along the vertical inner 
border, but the opposite border is worn away, destroying every 
vestige of the prominent basal rim usually occurring along that side 
of the tooth, though the basal region is otherwise very like that 
described from normally preserved specimens. The coronal surface, 
however, is worn quite smooth, showing the ordinary punctae. We 
are inclined to regard all of the above mentioned specimens as 
probably pertaining to one and the same species, the variable con- 
dition of the coronal surface being due to the effects of trituration, 
and the other peculiarities, as the position of the angulation in the 
inner border, such as may be attributed to individual variation. 
This inference, however, may appear inconsistent at first sight, but 
we have already observed marked variations in the same parts, as 
noted in individuals described under Psamniodus pleniLs, of whose 
specific identity scarcely a doubt can arise. 

The specimen figured in PI. XI, f. 3, 3a, of Vol. II., Dl. Geol. 
Survey, where the form is referred by Messrs. Newberry and Wor- 
then to Psammodus rugosus, Agass., also represents a short tooth, 
in an almost perfect state of preservation, save the wearing away 
of a patch of the crown at the outer anterior angle. It presents a 
rhomboidal outline, the anterior margin gently curved forward, the 
deep basal portion inbeveled, the posterior margin correspondingly 
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curved; the outer border broadly arcbed, the basal portion project- 
ing in a prominent, thick rim beyond the coronal limits, slightly 
produced posteriorly, and inbeveled to the inferior surface ; the inner 
border presents precisely the conformation observed in typical exam- 
ples, except that the angulation is placed forwards a little less than 
one-ilfth the distance from the anterior angle, distinctly defining 
the anterior articular facet from the long posterior articular surface. 
The coronal surface is longitudinally moderately arched, and trans- 
versely depressed, limits of the crown well defined at the sides, the 
inner ridge presenting the abrupt face noticed in the above men- 
tioned example from Pella; the oi^ter ridge also rises into a low 
accumination nearest the anterior angle. The worn surface exposes 
the usual minute punctate structure, but in the more depressed 
portions which have escaped abrasion, the transverse rugse are dis- 
cernible, the same as noted in one of the Alton specimens of a very 
elongate tooth. 

The present species differs equally from that noticed from the 
Upper Burlington limestone, and Psammodus canaUcuicUus, McCoy, 
of the Irish Mountain limestone : Kelatively shorter than the latter, 
from the former it may be distinguished by the less prominent and 
more rounded contour of the coronal ridge along the outer border. 

Geological position and localities: St. Louis formation ; Alton, 111. ; 
Pella, Iowa. 



PSAMMODUS ANGULARIS, N. and W. 

PI. XIX, FIfir.1.2. 

Psammodas angularis, Newberbt and Worthkn, 1866, III. Geol. Surv. II, p. 107. PI. XI* 
f. 2. 2a. 2b. 

Psarmiiodus porosus? AgasB., ib., p. 107, PI. XI, f. 1, la, 16. 

The above designated species was described from a nearly perfect 
example belonging to the form provisionally referred to the mandible. 
In order to facilitate comparison with the forms described in pre- 
ceding pages, we venture to supplement the brief description above 
cited by a somewhat detailed notice of the species, based upon the 
original example and the few additional specimens subsequently dis- 
covered in the same horizon whence the type was derived. 

The supposed mandibular teeth attain medium size, showing a 
trapezoidal outline. The coronal region is moderately and regularly 
arched from behind forwards, gently depressed transversely, with, 
however, a fullness in the inner half or more of the area, which 
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amounts to a slight convexity in the long diameter of the tooth, the 
outer border being well defined by a narrow ridge, separated from 
the convex inner area by a shallow, longitudinal depression. The 
anterior margin is gently arched, with a slight concavity near the 
inner angle and rounded into the outer border at the opposite angle, 
the inbeveled basal portion meeting in a sharp angle with the coronal 
surface; posterior margin describing approximately the same curv- 
ature, the crown defined by a sharp angle, the sUghtly-inbeveled 
basal portion channeled, the upper portion enveloped in a glassy, 
enamel layer; outer border gently arched, terminating posteriorly 
in a more or less produced spur, the narrow coronal ridge rounded 
to and well definetl from the basal rim, which latter is not suf- 
ficiently well-preserved to show its actual outline and magnitude. 
The inner border is nearly straight, with a slightly-oblique course 
forward and outward, and faint angulation near the anterior angle, 
the crown making a sharp angle with the channeled basal wall, and 
margined by a slight-impressed line, forming a narrow border en- 
circling the contiguous sides of the crown. The inferior surface, in 
the perfect state, shows irregular striato-punctation in the slightly- 
concave, longitudinal direction, with a slight elevation about one- 
third the distance from the inner border, where the tooth attains its 
maximum depth. The coronal surface is uniformly minutely punc- 
tate, plainly exhibiting the superficial structural features common to 
the congeneric forms. Transverse diameter across the posterior mar- 
gin, 29 mm. ; length along inner articular border, 17 mm. ; greatest 
depth of tooth, 6.5 mm. 

Worn examples of the above described form show a greater trans- 
verse convexity of the coronal surface, while the edges are rounded, 
obliterating the narrow, impressed border mentioned above ; it is not 
improbable also the outer ridge may become nearly obsolete in sim- 
ilarly preserved specimens. The homologous form of the St. Louis 
species Psaminodm plemis presents a striking contrast to the pres- 
ent teeth, being proportionately longer, with less inbeveled posterior 
and anterior walls, and greater lateral convexity of the coronal sur- 
face. Indeed, the nearest allied species at present known is that 
from the Upper Burlington, P. Springeri, the corresponding form of 
which diflFers in the directly opposite direction of the obliquity of 
the inner articular border, greater length, and more produced pos- 
terior angle of the outer border. 

In accordance with the presumed homological relations of the va- 
rious forms of teeth ascribed to the genus, the form pertaining to 
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the upper jaw of the above species is recognized in the teeth which 
Messrs. Newberry and Worthen identified with Psammodus poroms 
of A.gassiz. These teeth are evidently most intimately related, so 
far as may be judged from the similarity in the details of their sn- 
periicial coronal structure, which is, indeed, identical in both of the 
forms. We are, therefore, convinced that they represent forms of 
one and the same species, presenting the .same combination of den- 
tal apparatus observed in the several species described in the fore- 
going pages. 

The latter fonn is distinguished by its transversely elongate tra- 
pezoidal outline, the course of the lateral borders, and general con- 
tour of the coronal region intimately repeating those parts as observed 
in Psammodvs plemts^ot the St. Louis foimation. The inner border, 
which is similarly marked by a slight angulation a little in advance 
of the middle, shows a distinct tnmcation of the posterior angle 
with a narrow articular facet. In the character of the anterior and 
posterior margins, also, intimate resemblances are noticeable with the 
above species. But the examples of the present form are apprecia- 
bly of greater depth and more solid or massive proportions, and the 
punctffi of the coronal surface are also perceptibly firmer and more 
numerous even than remarked in the corresponding teeth of P. 
plenxLs. A mature tooth measures in greatest transverse diameter 
across the inner margin 39 mm. ; length along inner border 28 mm. ; 
greatest depth of tooth 10 mm. 

Together with the associate form, both forms occurring in the 
same horizon, the species is readily distinguished from that with 
which it has already been compared, and of which it is an interest- 
ing example of a representative species. As regards their relations 
with the European teeth originally described by Professor Agassiz under 
the name of Psammodus porosus, w^e deem it hardly probable that 
that species is so variable as to include the present forms. 

Geolofjical position and locality : Chester limestone ; Chester, IlUnoiB. 

Psammodus reticulatus, N. and W. 

PI. XIX. Fig. 3.5. 

rsammodns rf/irw?a/M.<, Newberry and Worthen. 18C6, 111. Geo. Sur., II. p. IW, PI. XI, 
f . 5, 5a. 

Besides the type specimen, the collections from the same horizon 
whence that was derived contain other imperfect examples, appar- 
ently representing the two forms ascribed to the upper and the lower 
jaws, which are believed to be specifically identical with the tooth 
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originally noticed by Messrs. Newberry and Worthen. The original 
specimen is probably that of an inunature tooth which had not 
been brought into use prior to the destruction of its possessor, and 
it is owing to this fact that it presents merely the coronal crest or 
shell entirely detached from the base, which was of a coarse porous 
structure and less solidified than the layer more strictly pertaining 
to the coronal region; also to the same state of things is doubtless 
attributable the very perfect state of preservation of the rugose 
ornamentation, which in this instance occupies the entire coronal 
surface. Fragments of teeth identical in contour and ornamentation 
are readily identified with the above specimen; but others bearing 
unmistakable evidence of excessive abrasion while in use, present a 
nearly plane coronal surface with only traces of the rug© remaining 
in the more depressed portions of the surface. The latter, from the 
general outline, apparent original contour, and the posteriorly gently 
convex course of the transverse depressions which also correspond 
with the lines of growth, strongly indicate their identity with the 
original specimen, and it is with the aid of these maturer examples 
that the outline of the form may be more definitely sketched, the 
type specimen being imperfect at either lateral border. 

The type example is probably a representative of the form pro- 
visionally identified with the upper jaw. The teeth attaii; medium 
size, quadrilateral in outline. In more or less worn specimens, the 
usual condition of the examples that have been found, the coronal 
region presents a moderate longitudinal convexity, and a slight 
transverse concavity, in which direction the surface shows a more 
or less distinct undulation, the plane posterior slope preserving 
traces of the original rugose ornamentation. The coronal surface 
of unworn teeth, like the type specimen of the form, shows a rather 
strongly arched contour from behind forward, produced by a con- 
spicuous transverse ridge, from which the surface gently slopes 
with slight concavity to the anterior margin, more steeply sloped 
behind to a slight impressed angle, whence the surface presents a 
nearly plane area of variable width, terminating in the posterior 
margin, and irregularly undulated longitudinally; the crest of the 
transverse ridge is gently sagged throughout the greater part of its 
extent, and on nearing the outer ( ?) border it is somewhat steeply 
sloped into what appears to have formed a shallow, narrow depres- 
sion just within the outer coronal fold; even in worn examples the 
latter conformation of the coronal surface is more or less discern- 
ible, but the inner border is angularly rounded to the nearly ver- 

-16 
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tifial articiilnr wall, wliicli latter bIiowb a slight concavity between 

the angles, the anterior angle distinctly truncated for the narrow 
oblique articular facet. Anterior and posterior mnrginB parallel, 
nearly straight, or gently arched forward with a slight conearity 
toward tlie inner angle in front, and a corresponding conrexity in 
the posterior margin, inbeveled to the basal portion, which was of 
proportionate vertical depth. The basal support of the borders is 
not preHerved. The surface of unworn teeth exhibits an exceedingly 
intricate reticulated ornamentation, produced by the rugie occupying 
the interspaces between the punetje, the prevalent continuity having 
a transverse direction; on the other hand, worn surfaces show 
rather coarse, crowded punctte, confluent in the depressed transverse 
belts. Lateral diaiut?ter of a medium-size smooth tooth across the 
posterior margin, 37 mm.; length along inner border, 22 mm.; 
depth of tooth, at least B mm. 

Professor Wurthen has obtained from the same deposits, and 
associated witli the foregoing teeth, a single imperfect example of a 
tooth which may prove to be identical with the opposed mandibular 
form of the present species. It shows a medium size tooth, quadri- 
lateral in outline, the woiu anterior margin slightly arcuate, though 
originally probably gently arched, corresiionding appi-oximately with 
the moderate concavity of the posterior margin, inner border making 
nearly a right-angle with the margins, posterior angle truncated, 
with a rather prominent angulation about one-third the distance 
forward; outer border unknown. The crown is well defined all 
round from the deep, slightly excavateil basal walls, which are in- 
beveled— strongly so along the anterior inargin. The latter featnro 
accords with the rather marked convexity of the coronal region from 
behind forward, givin;,' to the series of teeth a strongly rolled longi- 
tudinal Bi.iclion.tlio surface showing a faint transverse furrow in the 
anterior half, where, as also in the slope bordering the posterior 
margin, the surface presents the same rugose ornamentation de- 
scribed in CDiuiection with the previously mentioned form, the more 
exposed parts showing a smooth, densely punctate surface. The 
curouiil urea is nearly plane, or fiiintly depressed transversely, with 
a slight depression parallel with the outer border, and showing a 
fullness Kiuncwhat eontraKfing with thi; opposed maxillary form. 
Transverse diameter at the posterior margin, at least 40 mm. ; length 
of inner border. "22 mm. ; vertical depth of tooth, at least 10 mm. 

While the ])reviously noticed maxillary form Imi-dly requires de- 
tail comparison with the homologous form of PBauunotJvn ani/ulari^ 
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occurring iu the same deposits, it possesses characters of a much 
more intimate nature in common with the same form of P. grandis 
of the Keokuk limestone. But besides its much smaller size, the 
mandibular form departs widely from that of the Keokuk species, as 
will be apparent on comparing the coronal contour of the two spe- 
cies, as shown in the illustrations. The mandibular tooth bears 
some resemblance to the maxillary form of P. angularis, but besides 
its rugose ornamentation, the punctsB exposed in the worn surfaces 
are perceptibly coarser and more crowded than observed in that 
species, which shows a uniformly minutely punctate surface, the 
punctse being rather widely spaced. 
Geological position and locality: Chester limestone, Chester, Illinois. 



Genus COPODUS, Agassiz. 

Copodtis, AoAssiz, MSB., 1859. {Psammodus eomutus, Afirass.. 1838. PoiBSons FossileB. 
tome III. p. 174: Cataloisrue pf Type Specimens of Fossil Fishes in the Museum of the 
Earl of Enniskilien at Florence Court. Ireland. Geol. Mag. YI. 18G9; Dr. John J* 
BifiTsby. 1878; Thesaurus Devonico—Carboniferus; etc. 

Teeth bilaterally sjnnmetrical, spanning the jaw 
without mesial suture, arranged in a single longi- 
tudinal series from behind forwards. Lateral bor- 
ders gradually converging anteriorly, where they 
make an obtuse angle with the convex anterior 
margin, posteriorly produced into an acute angle 
meeting the lateral extremities of the concave pos- 
terior margin. Coronal region slightly arched longi- 
tudinally and laterally, distinctly defined from the 
base. The lateral borders of the base fonn a more 
or less prominent rim projecting beyond the coronal 
limits, beveled or rounded inferiorly and more or 

OBNU8 COPODU8 

Maxillary form. * less produced at the posterolateral angles. The 

FlK.a. Trit\irating ^ 

* fS.^'S; Transverse anterior and posterior walls vertical to the plane of 
margfn. ^^^^ ^^^^^ the crown surface and channeled. Inferior surface 
nai^pronio. ^"*^ ^" ' regularly arched transversely, and gently concave 
longitudinally in conformity with the arched coronal contour, the 
tooth attaining maximum depth along the mesial line at the poste- 
rior margin. The crown may present a lunate depression extending' 
a greater or less distance backward from the anterior margin and 
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"f vai'iulilfc (ie|itli, which is due to abrasion while in nm: The 
onnnial Biirfnco is eiivcli)])c(l in u thin layer o( enamol, Lt-nt-ath 
wliicli iis also ill tin; wnni iiroas the gmiictate structure is eli-arly 
ihM^riiii)!'', the jiunciic iiu-loHeil in vertical |»risnifi. as also ohMr-rvcil 
ill rc]:iliiin tii Ww. sii]H'rlii'ial Htmctural features of Psammi»lu*, 

TJKi riircf^diti;,' (liaj;n<isin aj)i>lieri to a form wliieh, from the moilt-r- 
jitij initi.To-|njsli'rini- ['onvexity of tlio crown, and whieh was com- 
iiiiiiiii'iiti-il to the serii'S of tfrth. eviihntly pertains to the maxillary. 
Associiitt-i] with tlu^ iihove form, Mr. Vanilonie has discovered a 
fr:i;.'iii(iit of ;i toiitii, exhihitiut.' preciseiy the same structnral feat- 
ures iiljovi' »iotii-i!il, which we are li'il to rejiard as the represeuta- 
tivt! of the ojjposeil foiio Ijejon^jiiiij to the lower jaw, 

fi<l- '^ Tlio hitter or innndihular foiin, in a general 

--r -__ way offreeiiij^ in outline with the maxillary teeth, 

^^ is ilistintniished hy its relatively greater trans- 
verse iliaiiteter as compared to the length, strongly 
arched longitudinally, with a narrow depressed 
hcU parallel with the lateral borders of the 
crown which form a slij;litly upraised fold, be- 
yond which the haaa! border extends in a proni- 
' ' ij^ imiit lim. The ajiterior and posterior walls of 

till- hasp, as also the inferior surface enveloped 
in the dense layer protecting the coarser cellular 
rtlriK-tiiri' comjiosini; the greater portion of its 
/'i.y. thickness, are precisely as observed iu the aboTS 

^' \\_ ''y. (Icscriheil funn of the upper jaw. 
f / \ \ 'J'iie hist noticed form is coraparoble to the 

i'r'i'"'i T- teeth to which I'rnfessor Agassiz gave the name 

KiH.^.Triiiiiv.tiiiu'Mir- i,„l,iii!iii'. it( whicli t^40 species are indicated, viz,, 
'iii:.i,.Trm,~\-r~ri.i.- /,. jiri'tiiliiinia, A!:;aHS., and L. phmtisf, Apiss,, 
'ht''"-'.' "i'.i.jii'i'iiMiliiii from tile mountain limestone of Ireland. But in 
the presi'iit inst;incc all the facts sueni to jioint to f.'eneric identity 
with the lirsl deserilunl [i>riii, wliieh is uninislakably congeneric with 
the Icclh de>iu'iiateil by I'lofcssor At:assi7. under the above generic 
appellalioii. As U> the boniolou'ical relations of the two fonns ai- 
lilded |o alii>Vi', to iiiiclly recapitulate :--The slight longitudinal 
cohve\ilv <if liie IJrst described funn, indicating for the series of 
teelb asiiociiited in the same row a very moderately arched longi- 
tudinal contniir: and in the case i.f the latter form the strong con- 
vexity of tin; cinwn from hebiud forwards, imlicatin^' a corresponding 
Htrnn"lv roHed outline for the series of two or more imlividnals, in 
bi.th instances constitute diaracters consonant with what actnally 
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obtains in forms of teeth of opposite jaws of Tertiary and existing 
Myliodonts. 

The aflSnities of the Copodi are certainly with the Myliodonts, the 
single row of teeth, spanning the jaws like paving flags, finding a 
somewhat intimate repetition in the still existing genus Aetobatis. 
There are, however, other characters that offer marked contrasts in 
contradistinction of the ancient and the latter modem representa- 
tive, and which probably should be interpreted as possessing an 
importance even of greater consequence than generic. The charac- 
teristics possessed in common with the genus Psammodus, Agass., 
show unmistakable family relationship with the latter, while structur- 
ally and in the character of the basal portion of the teeth there is 
even striking contrast to the features noted in typical Myliodonts. 
We are, therefore, of the opinion that the family distinctions of the 
Palaeozoic teeth here alluded to are paramount and should be so 
recognized ; hence the family designation PsammodontidcB, which was 
bestowed by Dr. de Koninck on this group of ancient selachian re- 
mains, is here adopted. 

The genus appears to be restricted to the earlier groups of Car- 
boniferous formations both in Europe and America. 



CopoDus Van Hornii, St. J. and W. 

PI. XX. Fig. 2, 3. 

Teeth representing the forms pertaining respectively to the upper 
and the lower jaws, and which attain medium size. 

Maxillary teeth lingulate in outline, very gently arched from 
within outward. Lateral borders nearly straight, gradually con- 
verging and angularly rounded into the anterior margin, posteriorly 
terminating in a produced spur, the basal portion projecting in a 
widish rim beyond the coronal limits, inferiorly inbeveled and 
rounded to the inferior surface ; anterior margin regularly and mod- 
erately arched, the coronal band forming a coping constituting one- 
foui-th or one-third of the depth, and well defined from the exca- 
vated basal portion ; the posterior margin approximately cimforms 
to the curvature of the opposite margin, and is similarly marked, 
the channeled basal portion in both instances irregularly vertically 
pitted. The coronal region is moderately arched transversely, llat- 
tened along the median line, with a lunate depressed triturating 
area reaching back from the anterior margin a greater or less dis- 
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tance ; near the borders the surface is depressed and defined from 
the projecting basal rim by a delicate fold, the enamel terminating 
in an acute angle at the poatero-lateral extremities. The surface is 
usually nom, exposing the minute, irregular puncls, the lateral 
edges and inner maigin retaining greater or less areas, enveloped 
in the superficial enamel layer, which shows exceedingly delicate 
rugti! radiating towards the lateral and posterior sides. Inferior 
surface coneapotiding in longitudinal concavity to the convexity of 
the erown, transverst'ty gently arched with a slight median angula- 
Intion, thd diaise CTcteniiil layer smooth or faintly fluted longitudin- 
ally. A large tooth measuif s in greatest transverse diameter between 
the posterior coruua 20 millimetres; the enameled coronal area 
shows a breadth of 13.5 mm. ; length of tooth along the median 
line 15 mm. ; depth at the posterior margin i mm. 

Teeth, referable fo the msndible of the same species that bore the 
preceding form, which they resemble in outline and coronal aspect, 
arc specially distinguished by their relatively greater breadth com- 
pared with the length, and rather strongly rolled contour of the 
crown from behind fonviirda. The anterior margin is somewhat 
strongly arched forward from the slight auriculate antero-lateral 
angles, meeting in a rounded angulation at the median line, the in- 
beveled coronal portion forming a well-defiuDd narrow belt, beneath 
which extends the deep border of the slightly channeled basal por- 
tion, in which iiarticulars also there is unmistakable identity with 
the ])rcceding form ; the lateral borders gradually converge, making 
obtuse angles in front and jio&teriorly produced, the basal rim form- 
ing a conspicuous border, shghlly upraised along the outer aide, 
rounded below and merged into the inferior surface; posterior mar- 
gin unknown- -probably appi"oxim:itiug the curvature of the opposite 
extremity. Coronal surface strongly arched longitudinally, the trans- 
verse convexity moderate and regular, with a shallow, narrow de- 
pression parallel with the lateral borders, along which an exceedingly 
delicate fold deiines the crown from the basal rim; in front the 
surface is worn into a lunate depression of greater or less extent 
and depth, the puncta! and the delicate rugose ornamentation of the 
enamel layer agreeing with the surfiice appearances noted in the 
oiiposeii form; towards the posterior margin the surface shows dis- 
tinct lineH of growth, making a broad arch backward, and deflected 
on ncariuK the hitiTal borders, but which does not necessarily indi- 
cale the outline of the posterior margin, which doubtless in thv 
perfect state presents a concavity corresponding to the convex out- 
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line of the anterior margin. Inferior surface moderately concave 
longitudinally, and quite strongly arched transversely, meeting at 
the median line in an obtuse angle, the dense surface layer longi- 
tudinally striated. Transverse diameter across posterior margin at 
least 22 mm. ; length along the median line probably 12 mm. ; 
greatest depth of tooth 6 mm. 

The form first mentioned above, and which is regarded as hav- 
ing belonged to the upper jaw, presents as typical an example of 
the genus, as does Copodua cornutm of Agassiz. It is distinguished 
from that form by the more regularly arched outline of the anterior 
margin and the transverse convexity of the crown-surface, in the 
latter respect bearing greater resemblance to C spatulatu^, Agass., 
from which, however, it is distinguishable by the more constant pos- 
terior expansion of the borders of the crown proper. 

The form pertaining to the mandible bears a striking resemblance 
to the teeth designated under the generic term LMboduSf Agass., and 
which may well be supposed to be homologous with the present 
form. It differs markedly from the typical species indicated by 
Professor Agassiz, L. prototypits, from the Irish Mountain limestone, 
in the relatively great transverse convexity of the coronal surface. 

The discovery of the above species adds another name to the 
long hst of genera common to the Lower Carboniferous formations 
of the Old and New Worlds. The specific designation is given in 
honor of W. C. Van Home, Esq. 

Oeological position and localities : St. Louis limestone ; St. Louis, 
Mo., and Alton, 111. 

CoPODus PUSiLLUS, St. J. and W. 

PI. XX. Fig. 1. 

Teeth very small. Form pertaining to the upper jaw subrhom- 
boidal in outline, lateral borders very gradually converging and 
somewhat sharply rounded into the shghtly arched anterior margin, 
the worn tooth showing the posterior margin also broadly arched 
backward. The coronal region is gently and about equally arched 
in both directions, with a faint narrow depression near the lateral 
borders, which latter are bordered by ,a narrow fold beveled to and 
distinctly defined from the basal rim; in front the coronal belt 
fonns a nan-ow lenticular strip inbeveled to the channeled basal 
wall, and above the usual lunate triturating area. The coronal 
surface was enveloped in a dense enamel layer marked by faint 
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Ion{2:itndinal nigaB/and showing beneath the vertical prismatic struc- 
ture and punctffi, the latter minutely and closely pitting the worn 
areas in front; the crown also shows the broadly arched lines of 
growth to which the posterior margin in worn individuals more or 
less conforms. The basal portion of the tooth is not known. 
Transverse diameter of tooth across the posterior margin at least 
9 mm ; length along median line 7.5 mm. 

The above described species is represented by a unique example 
discovered by Dr. George Hambach, showing nearly the entire coro- 
nal area, but the basal portion is destroyed, and the posterior 
margin worn even with the broadly arched curvature of the lines of 
growth. The postero-lateral cornua arc also absent from the same 
cause ; otherwise the specimen clearly displays its distinctive 
peculiarities. Compared with the preceding species from the St. 
Louis limestone, Copodua Van Hornii, the present form is dis- 
tinguished by its more angular outline, the lateral borders much 
less rapidly converging anteriorly, and perhaps the more uniform 
convexity of the coronal surface. The specimen somewhat resem- 
bles certain forms from the Irish Lower Carboniferous deposits 
referred by Professor Agassiz to the intimately allied genus Pinnae- 
odu8 : but if we correctly interpret the distinctive peculiarities of the 
• latter genus, the present tooth differs in not possessing the emar- 
ginated anterior margin which characterizes that genus, as 
represented by the typical form P. gonoplax, Agass. 

Geological poaition and locality : Chester limestone ; Chester, 111. 
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ICHTHYODORULITES. 



Genus CTEN^ ACANTHUS, Agassiz. 

Ctbnacanthus Coxianus, St. J. and W. 

PI. XXI. Fig. 1. 

Dorsal spines attain large size, somewhat rapidly tapering, later- 
ally compressed, presenting a wedge-shaped transverse section, mod- 
erately arched, and apparently but moderately inclined backward 
judging from the slight obliquity of the line of insertion as shown 
in the example before us. Anterior edge sharply rounded and occu- 
pied by a single carina interrupted by strong transverse ridges; 
lateral surfaces ,shghtly convex, occupied by prominent costa*, flat- 
tened along their crests, and separated by deep, narrow sulci, in- 
creasing by occasional bifurcation, and ornamented by irregular 
transverse ridges, which present an abrupt declivity above and a 
more gentle convexity below, apparently smooth. Posterior face 
unknown. Pulp cavity apparently occupying less than half the 
antero-posterior diameter, and situated entirely within the posterior 
half of the spine. The specimen described attained a length of at 
least 150 millimetres; antero-posterior diameter at line of insertion 
probably 45 mm. ; lateral diameter at same point 14 mm. 

The above described species is recognized from a fragment of a 
large spine, which shows a length of 90 millimetres, including part 
of the base showing the line of insertion from which the compara- 
tively erect position in the fish's back is inferred. Its relations are 
most intimate with Ctenacanthus Mayi, N. and W., of the Upper 
Burlington Umestone, and the fish to which it belonged was a repre- 
sentative species of that to which C. Mayi pertained. These two 
spines are almost exactly of the same proportions and form. The 
Keokuk specimen is, however, somewhat more robust, and is further 
distinguishabhi by the greater width and depth of the intercostal 
sulci and relatively narrower costa^; the transverse carina* or nodes 
along the anterior ridge are also narrower and less tumid, the costiu 
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more frequently bifurcate, presenting leas broad, flat Biirfacea toward 
the base, iind tlie pulp cavity apparently has greater extent toward 
the extremity thiin is the case in C. Mayi. The posterior wall of 
the spine is destroyed, revealiiiH t)ie doep furrow of tlie pulp cavity 
the entire leufith of the fragment and which was probably dosed to 
the line of insertion. In C. Maui the posterior face waa simply 
clmnneled and bordered by the lateral flanges, which show traces of 
the posterior denticies, also that the lateral surfaces horc longitud- 
inal costii- quite to the posterior edges. 

The unique example described was discovered by Mr. L. A. Cox, 
of Keokuk, in whose honor the species is dedicated. 

Gcolor/ical position ami localilii: Keokuk limestone; excavations 
for the Government canal round the Keokuk rapids, near Montrose, 
Iowa. 

Ctenacanthus Deflexus, St. J. and W. 
PI. XXII. Fie- 1. 

Fin spine of nieiliitm size, lattrally compressed, moderately arched 
along the anterior e<lge, the posterior face relatively strongly eon- 
cave, the spine nniformly expanding presenting a great breadth at 
the dorsal line, and indicating a very recumbent position. The 
lateral surfaces verj- gradually converge, with slight convexity, from 
the postero-lateral angles forward, where they are regularly romuled 
into the anterior edge ; the posterior face, in the somewhat abraded 
specimen, is abruptly truncated, with indications of a low longi- 
tudinal keel, the angular lateral edges hearing a row of miimt-e, 
vertically comprcsssed denticles which are sjiaced by about their own 
diameter. The costation of the lateral surfaces is quite regular, the 
riilges regularly diminishhig in size posteriorly, and simply convex, 
separated by a narrow impressed line, increasing by bifurcation 
which much more frequently occurs immediately along the dorsal 
line, beyond which the attenuated basal walls project in a narrow 
border from a point just above the inferior angle of the poHterior 
face. Tlie anterior edge is occupied by a comparatively wide ridge, 
which at intervals sends otf lateral ridges. The entire exposed sur- 
face is densely crowded with tlie costal tubercles, which tonu irreg- 
ular subeonicai prominences with vertically plicated or carinaled 
sides, produchig a stellate appearance, and which are even more 
crowded than represented in the full-size illustration. Along the 
worn anterior edge, where any remains of the co.it«j are visible, 
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they have a pectinated appearance at their edges, in token of the 
tubercles originally ornamenting their crests. They are so crowded 
upon the costsB as to compel an alternate disposition ; in the an- 
terior portion they are crowded vertically, but over the greater por- 
tion of the surface they are spaced by about their own diameter. 
The pulp cavity is relatively large at the inferior angle of the pos- 
terior face, beneath which it first opens out, exposing the deep 
trough-like excavation extending thence to the proximal extremity, 
but rapidly diminishing above where it is filled by the peculiar dep- 
osition of dense matter analogous to the inferior homogeneous layer 
met with in the associated teeth of Cochliodonts, the 60 or 60 mili- 
metres of the distal extremity being solid, 

Mr. Butters has obtained from the St. Louis formation a single 
representative of the above described species, representing a spine 
20 to 25 centimetres in length, of which the posterior face consti- 
tuted half, little more or less. Unfortunately, the specimen was 
much mutilated in freeing it from the limestone matrix, both 
extremities being broken, and preserving a length of about 15 cen- 
timetres of the middle portion of the spine. It is a fine representa- 
tive of a peculiar form of ichthyodorulite, of wliich several examples 
are known, and which is distinguished by the great fore and aft 
extent of the dorsal line and corresponding breadth of the inserted 
basal portion. In the foregoing description, allusion was made, in 
connection with the latter character, to the probable recumbent 
position the spine occupied in the creature's back; but this, after 
all, may not necessarily indicate unusual recumbency in view of the 
fact that, in certain living sharks, the integuments are built up 
about the bases of the spines, forming low, laterally compressed 
prominences from which their tips protrude, as is the case in Cestra- 
ci^n. We hesitate, however, in recognizing this feature as possessing 
generic importance in contradistinction to the narrow, more regu- 
larly and gradually tapering spines with which the latter have been 
generically associated. 

The specific relations of the present specimen with previously 
described sphies are perhaps most intimate with the Kinderhook 
species, Ctenacanthus spedosus, St. J. and W., and C. spectahilis, 
St. J. and W. Its distinguishing features, however, are so pro- 
nounced as not to require detailed comparison. 

Geological position and locality: St. Louis limestone ; Alton, 111. 
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Ctenacanthus Harrisoni, St. J. and W. 

PI. XXIII, Fig. 1. 

The collection from the St. Louis formation contain an example 
of a large spine which is apparently intimately allied to the last 
preceding species, Ctenacanthus deflexus, but which presents certain 
well-marked peculiarities at variance with the distinctive features of 
that species. These differences do not appear to be such as might 
be attributable to age, and on the whole we are inclined to regard 
them as being of specific importance. 

The specimen under consideration shows the greater part of a 
spine which probably attained a length of between 20 and 26 centi- 
metres, and it apparently belonged to the broad-based type of which 
the preceding species constitutes a typical representative. Present- 
ing about the same degree of curvature along the dorsal edge, it 
more gradually tapers, and the transverse section is less compressed 
laterally, approaching nearer a triangular outline than is the case 
in the former species, which, however, it resembles in the solid tip 
and comparatively limited extent of the closed pulp cavity. The 
specimen is much worn, but not sufficient to obliterate the limits of 
the dorsal line, the position of which is indicated by a symmetrical 
undulation in the abraded surface extending at a sharp angle back- 
ward and upward from the inferior dorsal angle ; the posterior edges 
of the lateral walls are also evidently rounded by abrasion, so that 
it is difficult to make a satisfactory restoration of 'the outline of 
these edges that will accord with the known form of the corresi)ond- 
ing portion of the species with which the present spine is especially 
compared. Along the dorsal edge, which is broadly roimded into 
the moderately convex sides, several rows of densely tuberculated 
costa.' are still retained in a very perfect state of preservation, 
showing the transversely compressed tubercles with abrupt declivity 
above and steep slope below, delicately sculptured by vertical or 
radiating carimo, the tubercles spaced by about their own diameter 
vertically and those of one row separated from the contiguous row 
by a mere line; over the remainder of the surface the costse are 
obsolete. The posterior face is quite c(mvex. with a low, rounded 
median angulation, and, in the specimen, sharply rounded into the 
lateral surfaces ; there remains not a vestige of denticles .along the 
postero-lateral angles. The posterior wall of the pulp cavity has 
been broken away, — it originally extended a distance of at least 7 
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or 8 centimetres from the tip before it opened out in the deep, 
trough-like excavation that extends thence to the proximal ex- 
tremity. 

As has already been remarked, the specimen described may prove 
to be specifically identical with that noticed under the head of 
Ctenacanthus deflexm. But this relationship can be satisfactorily 
determined only from the examination of additional ma'erials, both 
forms being at the present time known from unique and imperfect 
examples. The specimen here referred to was obtained by Mr. 
George B. Harrison, of Bloomington, to whom we are also indebted 
for other interesting contributions. 

Geological position and locality: St. Louis limestone ; Alton, Illi- 
nois. 

Ctenacanthus Pellensis, St. J. and W. 

PI. XX r. Fig. 1 

The collection of Mr. Van Home contains a fragment of a medium- 
' sized spine of a species not hitherto noticed. The specimen pre- 
serves a length of about 15 millimetres apparently from near the 
dorsal line, and from the high opening of the pulp cavity and other 
characters to be noticed further on, it would seem to belong to the 
section of Ctenacanthi characterized by the great extent of the dorsal 
line. The fragment indicates a thick, gradually tapering form, obtuse 
wedge-shaped in cross section, the posterior side deeply excavated 
by the open trough of the pulp cavity, which is defined by the bev- 
eled edges of the postero-lateral angles. Lateral surfaces gently 
convex, somewhat sharply arched into the rounded or subangular 
anterior edge. The surface ornamentation is very intricate and ele- 
gant, consisting of numerous delicate longitudinal costa> more or 
less regularly diminishing in size from the anterior edge, more fre- 
quently bifurcated and deflected on nearing the postero-lateral angles 
where they cease at the exterior beveled edge; in front the costii? 
present plain, rounded enameled crests spaced by narrower inter- 
vening sulci, their lateral edges studded with delicate downward 
cur^^ed transverse carinas or tubercles ; the third rib from the dorsal 
edge shows more or less distinct undulations, and the fifth rib is 
surmounted by small stellate tubercles more or less variable in the 
details of surface sculpture and disposition, their apices directed 
upward, and which apparently extend over the entire posterior flank 
of the lateral surfaces. 
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The »pine uuder consideration is, perhaps, less intimatelsr allied 
to Ctenacantkue ijemmalus, ISt. J. and W., than with C. defitxut 
herein described, both from the same formation. In certain features 
of surface ornamentation it resemhles the former, but in general 
form it is apparently allied to the latter; while in the details of 
ornamentation it possesses features readily distinguishing it from 
the desciibed species of the genus. The fragment here alluded to 
is a rare acquisition at the locality where it was found, which has 
thus far afforded very few specimens of ichthyodoniUtes. 

Geological position and localiti/; St. Louis formation, calcareous 
shales ; Fella, Iowa. 



Ctenacanthub GKiciLLiMus, N. and W. 

PI. XXIV. flK. 1. 
C'e<iacanthii!' gravillimut. NEWBEUhi and WobtBEn, laW, III. GeoL BurvsT, 11. p. 126. 

n. xm,(.3. 

Lrptacaat\ui?oceiaiitlali>. Newbebby ftnd Woethbn, i8«. lb.. U. p. lie, PL XU. t 2. 
Aeiiadii'.acanlhua occidentalix. St. John and Wobthim. ISTS. ib., TI, p. iSi. 

The above species is, perhaps, the most frequently met with of 
all the icbthyodorulites occurring in the St. Louis formation. The 
fine example now illustrated, and which was kindly loaned ub for 
examination by Dr. George Hambacli, belongs to the Shumard col- 
lection in Washington University at St. Louis, and is unquestionably 
the finest specimen of the species as yet discovered. 

It is interesting to note the wide distribution of this ichtbyodorulite. 
We have been favored with the loan of a specimen from equivalent 
deposits at Grand Rapids, Micbipin, by Prof. E. A. Strong, which 
undoubtedly in identical with the present species. 

The fm-Hpine originally described under the name Leptacantktts? 
ocridfntalis, N. and W,. and subsequently referreil by the authors 
to the genua Acandi/lncanthus, wo are all but convinced is not spe- 
cificiilly dintinct from the above species. The latter spines are 
doubtless the worn upper portion of that species, in which the 
tuberculiition of the anterior or dorsal keel and the first few lateral 
costio are obsolete; the cost* themselves and the character of the 
posterior denticles are undistinguishable from that obtained in the 
two line examples of Ct. graciUimiia. above particularly referred to. 

Grolo'jirul jioaUion and Iticatiiies: St, Louis fomiation ; St. Louis, 
Missouri, Alton, Illinois, Grand Uapids, Michigan. 
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Ctenacantiius CANNALiiiATus, St. J. and W. 

ri. XXI, Fig. 3. 

Fin-spine long and slender, very gradually tapering, moderately 
arched along the dorsal edge, much compressed laterally, posteriorly 
truncated, wedge-shaped in transverse section, pulp cavity small, 
elongate oval in outline and confined within the posterior half of 
the diameter of the spine. Posterior face shghtly depressed and 
traversed by a faint median keel, postero-lateral angles sharp, 
the slightly raised inner border showing indications of moderately 
spaced, minute, laterally comi)ressed denticles. Lateral surfaces 
gently convex transversely and regularly converging toward the 
sharply rounded anterior edge, and occupied by more or less regu- 
larly rounded costae, intercostal furroAvs deep, about half the breadth 
of the ridges. The posterior costa3 are enveloped in a smooth 
enamel coating ; toward the front they show delicate llexuous sharp- 
crested longitudinal lines, and the second or third rib from the 
dorsal ridge becomes distinctly interrupted by transverse carinas at 
the same time retaining the thread-like lines; the remaining ridges 
are more and more strongly marked by the transverse carinee, the 
anterior one strongest of all. The cariiise cross the ribs obliquely, 
culminating above in delicate sharp crests, most prominent along 
the anterior margin whore they are ornamented by a few sharp 
radiating lines producing a pectinated or notched appearance in 
that side; the anterior ridge is prominent, somewhat compressed 
laterally, and marked by similar slightly asymmetrical transverse 
ridges, which, however, are equally developed in either margin, pro- 
ducing a faint undulation along the rounded crest. 

The collection of Dr. Hambach affords a small section of one of 
the long, slender si)ines of Ctenaranthus different from any form 
heretofore derived from the Chester formation. The spine is inti- 
mately related to Ct. gracilUmus, N. and W., of the St. Louis lime- 
stone, for which indeed it might be mistaken on casual observation. 

However, searching comparisons with the latter species discloses 
certain details in ornamentation which may indicate for the Chester 
form a specifically distinct, though closely allied, character. While 
the form and general appearance of the latter is strikingly like the 
St. Louis spine, there is a marked dissimilarity in the character of 
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the costa^ ridges or tubercles, which are very appreciably more regu- 
lar and delicate than is the case in the St. Louis form. The 
magnificent example of the latter spine bekmging to the Shumard 
collection of Washington University, affords unusually satisfactory 
details relating to the ornamentation of the exposed parts, also the 
changes in the superficial characters toward the distal extremity 
attributable to wear, the careful examination of which has led to 
the belief that the spine under consideration belonged to a distinct 
species. 
Geological j)08ition and locality : Chester limestone; Chester, lUinoiB. 



Ctenacanthus Buttersi, St. J. and W. 

PI. xxn. Fifir. 2. 

Fin-spine of medium size, stout, slightly arched along the anterior 
edge, gradually tapering, subtiiangular in cross section ; the imbedded 
p.oximal extremity much more rapidly tapers, gently depressed 
below ihe anterior shoulder, relatively more expanded and triangular 
in section, the dorsal line making a broad curve, the eoncommitant 
plain space reaching high up toward the distal extremity even be- 
yond the point of inclosure of the pulp cavity. The pulp cavity is 
inclosed posteriorly for only a comparatively short distance from the 
apex, where it opens out, forming thence a deep angular trench in 
posterior face reaching to the proximal extremity; its section ap- 
proximates that of the external walls, its dimensions and position 
being shown in the section diagrams introduced with the illustrations 
of the type specimen. The posterior face appears to be slightly 
convex transversely and sharply rounded at the lateral angles, the 
specimens not showing denticles, if indeed such exist. The lateral 
surfaces are gently convex and more or less obtusely rounded along 
the anterior edge which bears a single longitudinal rib ; the exposed 
surface is regularly and somewhat strongly ribbed, the costas of 
moderate prominence and convexity, with narrow intercostal farrows, 
and chieily bifurcating near the postero-lateral angles, where also 
short implanted costse occur somewhat suddenly deflected to the 
narrow, plain belt bordering either posterior margin, along which 
they abruptly cease. The anterior ridges are interrupted by strong, 
crowded, transverse tubercles, which have a slight oblique direction 
backward and upward, the crest cuhninating above with gentler in- 
ferior slope, and delicately sculptured by radiating cannas; the 



VERTEBEATES. 241 

tubercles of the posterior ribs are similarly beautifully ornamented 
and distinguishable by their more oval transverse outline, relatively 
smaller size and acuminate crest which rises abruptly over the 
superior margins. The plain surfaces are striato-punctate longitudi- 
nally. The type specimen attains a length of 11.5 centimetres, the 
proportions as also the form being well represented in the illustra- 
tions. 

The species above noticed is one of the handsomest of the genus. 
The specimen figured is the most perfect, but other fragments have 
been obtained indicating larger-sized spines equally strongly marked 
by the distinctive features of the species, and which readily dis- 
tinguish it from any allied form known to us. In the deflected 
costae along the posterior margins it bears some resemblance to 
Ctenacanthus deflexus of the St. Louis limestone, but is otherwise 
markedly distinct from that species, as will be apparent on compar- 
ing the illustrations given of each respectively. This is one of the 
many interesting discoveries of the remains of fishes in our Coal 
Measure strata made by Mr. Alexander Butters, in whose honor the 
specific name is given. 

Geological position and locality: Lower Coal Measures (roof shales 
over coal No. o, Illinois general section) ; Carlinville, Illinois. 



Genus ACONDYL ACANTHUS, St. J. and W. 

ACONDYLACANTHUS RECTUS, St. J. and W. 

PL. XXVI. Flflr. 2. 

Dorsal ray of small size, slightly arched along the sharply-rounded 
anterior edge, moderately compressed laterally, and very gradually 
tapering throughout its length. Posterior face deeply grooved and 
traversed by a faint median keel, striato-punctate, and bordered by 
the relatively thick walls of the postero-lateral angles, which latter 
are rounded and bear close along their inner edge a row of compara- 
tively strong, closely approximate, laterally compressed, downward- 
hooked denticles, which extend apparently from the apex (where 
they are worn obsolete) to the dorsal line, below which the pulp 
cavity issues. Lateral surfaces moderately convex transversely, 
rounded into the postero-lateral angle, and occupied by eight or more 
close, rounded costse separated by narrow intercostal furrow, those 

-16 
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in front beAFing two rows of minute pnoctures aocl a f&mt median 
filiform line, the costfe enveloped in a smooth coating of enamel 
without transverBe or tubercular elevation. Near the middle of the 
exposed right side of the type specimen, one of the costs attains 
double the breadth of those in front, and immediately along the 
beveled posterior edges occurs a plain space apparently destitute of 
longitudinal ridges. Pulp cavity compressed ovate in outline, coo- 
fined within the posterior half, and inclosed between thick walls. 
A specimen preserving a length of 65 millimetres has a breadth at 
base of 6.5 mm., and a thickness of 3 mm. 

We have met with only a single example of the above described 
ichthyodorulite, which presents the greater portion of a small spine 
extending from the acute distal extremity to a point near the dorsal 
line, above which it is broken off. The specimen is embedded in a 
limestone matrix in such manner as to allow of the exposure of the 
right side and the posterior face ; it is slightly distorted and h:ac- 
tured across at several places, revealing the small pnlp-cavity, and 
somewhat worn especially along the posterior half of the lateral 
surfaces. The anterior costee, however, are uninjured, and their 
condition is as noted above. The striking characteristics of the 
spine are its slight curvature, rigid outline, and the deeply channeled 
posterior face and closely set large denticles. The specimen has no 
near ally in the Coal Measure strata, and so far as it ia possible to 
determine to the contrary, it presents all the characteristics ascrib- 
able to AconAylacanthus. 

Gcoloijical 2>osilion and localiti/: Upper Coal Measures, above coal 
No. 9, 111. Geu'l Sec. ; the upper limestone at La Salle, Illioois. 

AcoNDTLACANTHi's HUPERva, St. J. and W. 
n. XXVI, Fi(t. 3. 
Dorsal spiue of medium size, rather strongly arched along the 
anterior edge and somewhat rapidly tapering, laterally compressed, 
transverse section cuneate ; posterior face narrow, deeply channeled ; 
pulp cavity relatively siiial!, sublenticular or compressed ovoid in 
transverse outline. Lateral surfaces moderately convex transversely ; 
sharply rounded into the anterior keel, also gently rounded and 
compressed posteriorly to the poetero-Iateral angles, which bear a 
row of laterally compressed, strongly downward-hooked denticlea en- 
circled at the base Ity a cincture, more or less regularly spaced by 
less than their own greater diameter, and extending two-thirda or 
mure the luugth of the exposed portion of the posterior face. The 
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lateral surfaces are occupied by more or less regular, prominent, 
rounded, smooth enamel-coated costsB separated by narrow intercos- 
tal furrows, the costee comprised within the narrow compressed belt 
along the postero-lateral margins being more slender, and toward 
the base those occupying the body of the spine bifurcate, the ante- 
rior ridge especially sending off frequent slender branches to the 
dorsal line. The lower part of the spine shows distinct lines of 
growth exactly corresponding in curvature to the dorsal line and 
forming faint oblique annular ridges crossing the costsB at irreg- 
ular intervals; otherwise the costee are destitute of ornamentation, 
the occurrence of the oblique ridges mentioned not producing an 
effect comparable with that of the tuberculated Ctenacanthi. The 
dorsal line makes an angle of 40^, and less, with the anterior edge, 
somewhat sigmoidal in curvature, rising well up the postero-Iateral 
angles; inserted base deep, surface irregularly striato-punctate. 
Length of spine 12 centimetres ; greatest transverse breadth 18 mili- 
metres. 

The above described species is represented by a unique and nearly 
perfect specimen, which was discovered by Mr. A. S. Tiffany, to 
whom we are indebted for the opportunity to examine many inter- 
esting fish-remains from our Carboniferous and Devonian formations. 
In accordance with our imderstanding of the values to be ascribed 
to external characters in determining the limits of genera as repre- 
sented by the fin-defenses of these early Selachians, the present 
spine does not reveal any feature markedly at variance with those 
ascribed to Acondylacarithu^, with which we have identified it. 
Specifically, however, it offers tangible and most pronounced pecu- 
liarities, such indeed as may not readily escape notice even in 
fragmentary material, when suflBcient remains to show its peculiar 
superficial features and the outline of its transverse section. Were 
it possible to decide the association of teeth and fin spines, we 
might in many instances find much less dissimilarity in the fin de- 
fenses of different genera than that indicated by their respective 
dentition. But lacking these facts relating to generic identity, we 
must seek to discover such characteristics as seem to have a com- 
mon significance and by which these varied remains may be brought 
into such natural groups as appear most consistent with the fea- 
tures they possess in common. 

Geological position and locality: Upper Ck>al Measures; upper 
limestone at Peru, Illinois. 
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AcoNDYLACANTHus ? MuDouNus, St. J. and W. 

PI. XXIV. FIff. 3. 

A fragment from the Upper Goal Measures of Kansas represent. 
ing a medium-size ichthyodorulite is provisionally referred to the 
above genus. Tlie specimen preserves a length of about 7 centi- 
metres, apparently of the middle or lower portion of the spine, of 
which the entire anterior border is broken away, revealing the deeply 
excavated posterior face or the pulp cavity, bordered by a strip of 
the thick lateral walls near the postero-lateral angles. The trans- 
verse section of the spine is subtriangular, moderately arched along 
the anterior edge, laterjil surfaces evidently gently convex trans- 
versely, and, so far as revealed by the remaining walls, ornamented 
by simple, angularly rounded longitudinal cost®, separated by deep, 
narrow intercostal grooves; the costaj enveloped in the smooth 
enamel layer throughout. Beyond this the superficial features are 
not disclosed, and so little remains that the moderately rapid taper- 
ing of the spine is hardly more than an inference. 

While the generic relations of the specimen above referred to are 
by no means satisfactorily authenticated by the meagre characters 
that remain, its specific distinctness from any form occurring in 
the Coal Measures as yet discovered is unmistakable. The specific 
designation is given in honor of the late Professor Benjamin F. 
Mudge, the distinguished educationist and director of the first State 
geological survey of Kansas. 

Geological jx^sition and locality: Upper Coal Measures ; Bock Greek, 
Pottawattomie county, Kansas. 

AcoNDYLACANTHUs ? xiniiAS, St. J. and W. 

IM. XXVI. FIff. 1. 

The unique exiimplc here referred to presents the larger i>ortion 
of a large dorsal spine, probably between 20 and 23 centimetres in 
length, of which perhaps 5 centimetres of the distal extremity are 
broken short off, while the inserted i)()rtion shows evidences of cur- 
tailment in the rounded anterior margin. Besides, the surface of 
tlie exposed portion of the spine is evidently much worn, the costte 
for the most part destitute of enamel, disclosing the irregularly 
pitted bony structure in common with that of the intercostal grooves, 
so that it is impossible to arrive at a satisfactory conclusion in re- 
gard to the character of the superficial ornamentation, upon which 
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even depends the determination of the generic relation of the spine. 
Specifically, however, the specimen is clearly distinct from any form 
heretofore obtained from the same formation, and, judging from 
such of the superficial characters as are actually discernible, the 
spine might be provisionally identified with Acondyla<;anthus. 

The spine gradually tapers, and is moderately arched along the 
anterior edge, the inclination making an angle of about 45° with 
line of insertion, lateral surfaces gently convex transversely, and 
very gradually converging toward the obtusely-rounded anterior edge, 
slightly compressed to the postero-lateral angles, the posterior wall 
broken away, exposing the oval-shaped pulp cavity lymg within the 
posterior half of the spine. The exposed lateral surfaces of the 
spine are quite uniformly fluted longitudinally, the costse present- 
ing comparatively narrow rounded ridges, rarely bifurcating or 
implanted, and spaced by about their own width by the shallow 
intercostal grooves, the anterior edge apparently occupied by a 
wider ridge, vestiges of the usual enamel layer are discernible but 
not accompanied by visible nodose ornamentation. The base was 
deeply embedded in the integument, and channeled behind by the 
continuation of the pulp cavity. The spine preserves a length of 
14 centimetres; the antero-posterior diameter, just above the dorsal 
line, 2.5 centim., which, however, does not represent the actual 
diameter on account of the imperfect condition of the posterior 
face; lateral diameter at same point, 9 millimetres. 

The typical forms of Acondylacanthus are more slender, and pro- 
portionately narrower, than the above described form, and should 
the latter prove to possess nodose cost®, it should be transferred 
to the genus Ctenacanthus. But as has been already remarked, in 
the absence of any such ornamentation and the apparent smooth 
plain costaD, its aflSnities are clearly with the above genus. 

Oeological position and locality: Keokuk limestone; government 
canal excavations at Keokuk rapids, near Keokuk, Iowa. 
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GExrs EUXEMACAXTHUS.> St. J. and W. 

Fin-spines arched backward, laterally compressed. Dorsal border 
rounded nnd occupied by a single plain, smooth ridge enameled 
throu<^hout. and perhaps inbeveled along the lateral edges, vbicb 
may be delicately sculptured. Lateral surfaces bearing longitudinal 
costs interrupted by transverse ridges. Inter-costal furrows plain, 
or occupied by irregularly dispersed tubercles. Posterior face trun- 
cated, the lateral angles bearing a row of denticles whose apices 
are directed upward. Pulp cavity apparently inclosed throughout 
the greater length of the exposed portion of the spine. 

The typical and sole representative of the ^enns here recognized, 
is the dorsal spine, originally described by Messrs. Newberry and 
Wortben, under the name Clenatranthuiti costatus, from the Saint 
Louis limestone. Allied to Ctenacaiithut, the genus is especially 
characterized by the presence of the plain dorsal ridge, the tuber- 
cidated inter-costal sulci, and the upward direction of the denticles 
arming the angles of tlte posterior face. The interrupted character 
of the costs of the lateral surfaces is precisely of the same natore 
so prevalent amongst though not restricted to the species of Cten- 
acantlius; the tuberculose inter-costal grooves and the direction of 
the apices of the posterior denticles recall a relationship with 
Aslfroptiiiiiiiu, Agass., from which, however, it is distinguished by 
the transvf^rsely ridged and perhaps tuberculose character of 
the cost*. 

EtSEMACAXTHis rojiTATis. (N. and TiV. sp,) 
VI. SXIir. FiB.i 
ri,->,a<-a:r''>f? ■■■•/lalur. Nevbebsi and Wobtses. !*«. III. Oeol, Snrr.. II. p. 120 
n. XII. t.S. 

Sjtinc ot nieiliuni s^ize, moderately arclieil along the dorsal edge 
and i^'initwhat rapiilly tapirinij, latorally compressed, presenting a 
wt-ilw-sliapi-d triinsver^e stciion. The anterior or dorsal ridge 
aivlitd irunsvtr^iily in about a ijuaiter of a circle, lateral edges 
inlnvi'K-ii anil niarkt-d with iKlii'ate. sharp raised lines directed 
oblii]UiIy downward, the superior surface enveloped in a polished 
smooth tuaiiiel layi-r, Oi'iiipyiiii: a tipare about equal to two of the 
:idj!i;-iiit Iritcral co>v.v. Thij- latti-r irre-ndarly diminished in size 
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posteriorly, and are quite uniformly marked by slightly oblique 
transverse ridges slightly raised and culminating above in a low 
crest, the imwoni slopes and depressions being beautifully sculp- 
tured logitudinally by delicate thread-like lines crossed by extremely 
line transverse or oblique rugSB, the lateral edges similarly orna- 
mented as noticed in the dorsal ridge ; the nodose character of the 
transverse ridges increases toward the postero-lateral angles, how- 
ever, retaining the details described, and in worn specimens the 
lateral costa) show more or less smooth crests, the extremities of 
the tubercles producing the pectinated or crenulated lateral borders 
observed in abraded specimens, hke the original or type exam- 
ple of the species; the costse increase by bifurcation and implan- 
tation below at frequent intervals. The intercostal sulci are perhaps 
one-half the diameter of the ribs, presenting a furrow of moderate 
depth, striato-punctate, that on either side of the dorsal ridge and 
others showing occasional irregularly dispersed tubercles orna- 
mented precisely after the style observed in the costal tubercula- 
tions. Postero-lateral angles sharply defined, skirted by a narrow, 
faintly depressed outer belt of the posterior face, which rises into a 
low angular ridge defining the regularly transversely concave, mod- 
erately deep median furrow occupying more than half the lateral 
area, and which is coarsely pitted or striato-punctate; immediately 
along the outer side of the lateral crests occur a row of depressed, 
obovate, closely arranged tubercles, spaced by less than half their 
longer or longitudinal diameter, constricted basally and culmin- 
ating in a low crest overhanging the upper border, similarly marked 
by delicate tliread-like lines already remarked. The pulp cavity is 
of moderate capacity, compressed-oval in transverse section, and in 
an example of at least 150 millimetres in length it extends to 
within 20 mm. of the distal extremity, apparently opening out in 
the posterior face little if any above the dorsal line, which latter 
has a rather oblique upward course from the anterior dorsal angle, 
inserted base longitudinally striato-punctate, proportionately of con- 
siderable depth, perhaps equal to a fourth of the entire length of 
the spine. 

The above description is founded upon two specimens: one, the 
original examined by Messrs. Newberry and Worthen, representing 
a small-size spine about 60 millimetres in length, showing one side 
with patches of the worn costaj and dorsal ridge which apparently 
terminate at the oblique dorsal line; the posterior face is broken 
away. The other specimen preser>'e8 nearly 111 millimetres of a 
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spine, 'v^'bich probably attained a length of at least 150 mm., and 
though somewhat distorted by pressure, it presents in a very satis- 
factory manner the details of the surface ornamentation of a rery 
handsome fin-defense, of which illustrations are given in the 
plate cited. Toward the tip in the older i)ortions of the spine the 
lateral costa* are worn nearly smooth along their crests, though re- 
taining vestiges of the transverse tuberculations in the i>ectinated 
lateral borders. Toward the base the costs show unif(»rmly less effects 
from wear, where the transverse ridges are beautifully preserved. 
But throughout its entire length the dorsal ridge presents the same 
uniform plain, smooth surface, an effect which it would seem in- 
consistent to attribute to abrasion. The specimen also clearly shows 
the form of the posterior denticles, as described, and which offer 
altogether an anomalous feature compared with the downward- 
hooked denticles occurring in the borders of the posterior face of 
typical Ctcnacanthus, 

Geological position and locality: St. Louis limestone : Alton, Illi- 
nois. 

Genus ASTEROPTTCHIUS, Agassiz. 



AsTEROPTTCHirs TEXELLU8, St. J. and W. 

PI. XXI. FiK. 4. 

Fin spine small, gradually tapering and moderately arched along 
the anterior edge, much compressed laterally, giving the transverse 
section a thin wedge-shaped outline, posterior face unknown. Lat- 
eral surfaces gently convex transversely, occupied by regular, delicate 
rounded costae, intercostal furrows, increasing in width toward the 
anterior edge, the posterior furrows occupied by a single striate-- 
punctate line, the middle and anterior ones showing two or more 
such lines separated by thread-like carinse, the wide depression be- 
side the anterior keel bearing several of these intercostal strise and 
filiform ridges ; the anterior keel, like the lateral costfe, is enveloped 
in a smooth enamel layer. The pulp cavity occupies about half the 
diameter of the spine, presenting an angular-ovate section, from 
which may be inferred the keeled condition of the posterior face. 

The above species is represented by a fragment apparently be- 
longing to the middle portion of a small delicate spine, which Bho¥r8 
the anterior keel and the lateral surface nearly to the postoro-lateral 
angles; but the posterior walls are broken away, exposing to view 



YERTEBRATES. 249 

the pulp cavity, the carinate matrix of which would indicate, per- 
haps, a rather prominent median angularity in the contour of the 
posterior face of the spine. Although we have no evidence of the 
denticles arming the postero-lateral angles, and even the wide fur- 
row immediately adjacent the anterior keel is destitute of the char- 
acteristic tubercles, nevertheless the character of the striato-punctate 
intercostal furrows, as also the general facies of the specimen, leave 
little room to doubt its generic identity with Asteroptyckius, It is at 
the same time readily distinguished specifically by its extremely 
compressed, slender form, in which respects it presents marked con- 
trast with the congeneric form Asteroptyckius bellulusy St. J. and W., 
from the Lower Coal Measures. 

Oeological position and locality. — Upper Coal Measures ; calcareous 
shales overlying the coal at Topeka, Kansas. 



Genus GLYMM AT ACANTHUS, St. J. and W. 

Glymmatacanthus rudis, St. J. and W. 

PL XXV. FIff. 1. 

Dorsal spine large, slightly curved and somewhat rapidly tapering. 
Transverse section wedge-shaped, lateral surfaces slightly convex, 
meeting in the sharply rounded anterior edge, posterior face not 
shown. The lateral surfaces diverge at an angle of 80° to 35"^, oc- 
cupied by widish, rounded costsB, bifurcating below, separated by 
sharp impressed lines, and bearing along their crests irregularly- 
shaped, compressed, conical, closely arranged tubercles, which pro- 
duce an exceedingly rough, rudely sculptured effect. The anterior 
angle of the spine is flanked by a pair of costsB, which support 
approximately opposite tubercles. The tuberculation more or less 
distinctly ranged in slightly oblique rows, ascending from the pos- 
tero-lateral angle to the anterior border, and rudely sculptured by 
radiating carinse. Pulp cavity large, apparently confined within the 
posterior half of the spine, lateral walls thick. 

The unique example described above represents a fragment from 
the middle of a large spine, both extremities and the posterior face 
being broken away. The superficial costation and tuberculation, as 
also the general form of the spine, accord well with the distinctive 
characteristics of OlymmatacatUhus. The specimen further shows the 
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important cliaracter, not so clearly diacemible in the fragment of 
spine upon which the exietonee of the genus was based, of the back- 
ward curvature, which removes it from the Drepanaeanthi, with which 
it bears some resemblance in the character and diBpoaition of the 
longitudinal ribs and tubercles occupying the espoeed parts. Unfor- 
tunately the entire section of the spine is not preserved, bo that we 
are still uninformed in regard to the contour of the posterior face. 
k^peciiically allied to the Kinderbook Glifmmatacanthut Irithii, St. 
J. and W,, it is readily distinguished by the more rapidly tapering, 
smaller, transverBcly elongate, and much more prominent or conical 
tubercles, which are also more closely ranged along the coetfe, and 
moic widely Bpaced laterally than observed in the unique example 
of the earlier species just mentioned. 

Geological jwsifiora and locality : Keokuk limestone ; Government 
canal excavations around the Keokuk rapids on the Mississippi, 
above Keokuk, Iowa. 

Glyumatacanthds petrodoideb, St. J. and W. 



PI. XXV, FiB. a. 

A mere fragment of an ichthyodorulite, hardly a centimetre 
square, in the collection of Dr. Hambach, is probably referable to 
the above genus. The superficial ornamentation is so well preserved 
as to enable very satisfactory comparisons with other species of the 
genus, as also to show its distinctive features so far as they depend 
on the character of the surface ornamentation. The fragment rep- 
rcrsents a bit from the lateral walls inclosing the pulp cavity, and 
probably pertained to a Bpine of medium size. The longitudinal 
costic show only moderate convexity with the usual elongate irregu- 
lar punclffi; closely arranged along their crests are rows of strong 
conical tubercles which crowd the Burface, and which are deeply 
graven with sharp, strong carinas radiating from the apex and con- 
strictwl at the base. The latter character, which, on account of the 
resemblance to the vertical plication of the cones of Petrodut, sug- 
gests the specific deBignation, also offers a marked and tangible 
contrast with the tubiTcuIar ornamentation obaeiTed in connection 
with the previously described species. 

Gfoloijicid position ami locality: Chester limestone; Chester, 
Illinois. 
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Genus GYRACANTIIUS, Agassiz. 

Gyracanthus? cordatus, St. J. and W. 

PL XXVI. Flff. 4. 

Spine of small size, very slightly arched along the anterior angle 
and gradually tapering, transversely triangular or cordate in section, 
Lateral surfaces broadly convex transversely, meeting in a narrow 
ridge forming an acute angle at the anterior edge; postero-lateral 
angles rounded and merging into the broad, moderately excavated 
posterior face. Exposed portion of the lateral surfaces ornamented 
with stellate tubercles closely set longitudinally, but showing a 
more or less distinct arrangement in oblique rows, with a forward 
and upward course. Pulp cavity relatively large, nearly circular in 
section, with a thin wall in the axis of the posterior face and thick- 
ened at the lateral angles, opening below in a deep furrow extending 
to the proximal extremity. 

The description is based upon a single specimen, which shows 
about 5.5 centimetres of the length of a small spine. Both extrem- 
ities have been broken away, and the specimen is otherwise disfig- 
ured by abrasion, so much so, indeed, as to render the surface 
features indistinct over the greater part of the lateral surfaces, 
which appears to be closely covered with minute tubercles; how- 
ever, these latter on one side reveal the oblique disposition charac- 
teristic, or at least prevalent, in Gyracanthus, and which, together 
with the contour of the posterior face, seem to warrant its reference 
to that genus. In the more abraded surface areas, where 
the tubercules are worn away and preserving only their bases, the 
obliquity is even more readily traced in exactly opposite direction 
to that characteristic of Gyracanthus; again, they have the appear- 
ance of irregular disposition, which, in connection with the rather 
marked keeled condition of the anterior edge, suggested resemblance 
to Geisacanthus. But the posterior face is quite unlike that of the 
latter genus, being simply excavated or channeled longitudinally and 
without the median angle or ridge characteristic of both Gyracan- 
thus and Geisacanthus. In the distal half of the best preserved 
side, near the postero-lateral angle, the tubercles are laterally com- 
pressed and closely impacted at their sides, while considerably 
spacod^longitudinally, with a nearly transverse disposition ; but Alse- 
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where, as already noted, they appear to have the oblique arrange* 
ment common to the genus to which the species represented by 
the above specimi^i is provisionally referred, and of which it is, at 
the present tinu-, the sole representative from the Carboniferous 
fijnuations of the Upper Mississippi region. Principal Dawson has 
noticed reprosfutatives of the genus from the Carboniferous of Xova 
Scotirt. and Dr. Ntwberry has described some interesting species 
fn)m the Lower Carboniferous of Ohio. 
Gtohmcal j^^sition and locality : Eeokuk limestone ; Keokuk, Iowa. 



Genu.? rHYSOXE:NRS, Agassiz. 

Physonemcs falcatus, St. J. and W. 

PI. XXIV. Tie. 6. 

Dorsal spine of small size, comparatively narrow, gradoally taper- 
inj:. and very strongly arched along the jwsterior face, the tip reach- 
ing a point nearly venieal to the inferior extremity. Transverse 
section wt-dire-<h:iped. anterior edge making an acutely rounded 
angle, expanding below into the inferior shoulder, which is sharply 
constricted at the dorsal line to the plain base. Lateral surfaces 
slightly convex, the bony surface showing an impressed line parallel 
with the posterior edge as usually observed under similar conditions 
of surf:ioe exfoliation. 

The dtscriprion rofors to a uni«]Ut example belonging to the col- 
lection of W:ish:r.i:ton University. It represents nearly the entire 
ouilir.o. i'V.i as so :rev]::eut!y occurs "with the small specimens of the 
genus, the pv^stt rior f:\ee is wcm away, the pulp cavity making a 
srroove t!:ror.gho-.:t i:< exposed extent. The exposed portion of the 
si^ir.e, :^.^o. i? deni^ied of the oripna: IcLgitu-iinal cost* and tnber- 
o::*:i::or.. of wiiioh not a vestice ren::iii:s from which to infer the 
.:::ir:u:er of :i:e superdeial on:a:::er.:a:io::. The strong curvature of 
tl.e spir.e revalls the fc^I:^ :: wiii.^L :l:e names Phbioncmtu parruluB, 
iiv.A r':, cVv-.«\s;s. ileriv^.i respe:::vtly from the Keokuk and Ches- 
uv :Vrma::jv.>. :.:\ve Ueu civeii. I: if. iicsvever. a much more slender 
:;rr.i. r.o: fittr.ir.y/.i: r.ei^r the lrea^::i: o: :Le alvve named spines. It 
is. ii'..v.e.i. i\'*s>:b*e :!.a: i: i^rove :: l-e a vo*.:iic individual of the 
svc.iis I'.. .1*: ■;t\c.\s, <:. J. a-i W., c: iLe srime formation^ though 
\\'x '..\::iT \.uv.:\:\ seems Lisihlv irnvr^l^^ile. 

'^» ■ '•'•'■ : >:'. 'i ri-.i .\v. ;.'.:-. S:. L-.uis limestone: St, Louis, 
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Genus DEEPAIf ACANTHUS, N. and W. 

Drepanacanthus reversus, St. J. and W. 

PL XXIV. Fig. 5. 

DrepancLcanthuB reversus, St. John and Wobthen, 1875. 111. Qeol. Surv., VI, p. 45C, PI. 
XIX., 1. 5, 6. 

A nearly perfect specimen of the above named species has lately 
been obtained at Alton. The specimen shows nearly the complete 
outline, but it is, unfortunately, too abraded to distinctly display 
the ornamentation, which was very clearly made out from the frag- 
ments upon which the original description was based. The speci- 
men here referred to is reproduced in the illustrations. With the 
exception of the tip and the extreme end of the base, it is perfect, 
and is readily distinguished from the Keokuk species previously 
described by its stronger curvature, while the tuberculation is quite 
different, as has been already pointed out. 

Geological pontion and localities: St. Louis limestone ; Alton, Illi- 
nois, and St. Louis, Missouri. 



Genus BATACANTHUS, St. John and Worthen. 
Batacanthus ? NECis, St. J. and W. 

PI. XXV. FIff. 4. 

The collection of Mr. Cox from the Keokuk limestone affords an 
example showing a length of some 7 centimetres from the distal 
extremity of a medium-size spine, the uncertain relations of which 
suggested the above specific designation. In size and general form, 
as displayed bedded in the limestone matrix, the spice is not unlike 
Drepanacanthus gemmatus, N. and W., of the same formation. It 
gradually tapers and is moderately curved to a point within a short 
distance of the extremity, where it is more rapidly narrowed and 
suddenly bent forward. But here the resemblance to Drepanacan- 
thus ceases; instead of the wedge-shaped transverse section and de- 
fined posterior face, the present spine is elliptic or lenticular in 
section, anterior and posterior angles sharply rounded, the pulp 
cavity occupying the entire posterior half of the antero-posterior di- 
ameter of the spine, as indicated by the crushed-in thin lateral 
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walls, and iu which respects intimate relationship with Bataeanthua 
1b disclosed. The lateral surfaces display numerous narrow longitu- 
dinal ridges, spaced by iDter\'eQing shallow sulci, in width a little 
more than the diameter of the ridges, and irregularly, coBi-sely pitted. 
The costie apparently occupy the entire surface, save a belt extend- 
ing along either side of the posterior angle, where they are obsolete, 
or at least less marked. Perhaps the most interestmg feature is 
that observed in connection with the tubeiculation : The carina along 
the anterior edge sends o£F at irregular, alternate intervals a strong 
low tubercle, which fills the adjacent sulcus, even crowding over 
upon or enveloping the next parallel ridge ; similar, somewhat 
smaller tumid tubercles are dispersed with greater or less irregular- 
ity over the body of the apine, where, in the worn condition of the 
specimen, they often have the appearance of occupying the sulci, 
and toward the apex becoming confluent and stretching across two 
or more costte. The tubercles iu the belt along the posterior edge 
are relfttivoly large, irregularly subconical, and ranged in two or 
three irregular rows; they are mostly worn quite smooth, but there 
are vosstiges of radiate ornamentation still visible. 

Compared with previously described spines, the present form, per- 
haps, finds its nearest ally in the Batacanthus stellatiu, of the Keo- 
kuk hmestone. It is distinguished, however, from that species by its 
more compressed lenticular transverse section and the distinct an- 
gulation of the anterior and posterior edges; also, the distinct char- 
acter and disposition of the tuberciilation ; the anterior edge, also, 
does not preserve the large, claw-like tenticles that appear in the 
above species, — but these may have been broken off, and even their 
bases obliterated by abrasion. The distinct angulation of the anterior, 
and especially the posterior edge, presents au anomalous character, 
in contrast with the rounded borders of Batacanthus, as represented 
by the species B. akUatus (N. and W,, sp.,) and B. baculiformU, St. J. 
and \V. ; but the unique example before us is not sufficiently entire 
to permit comparisons necessary in order to determine its ezact 
generic relationship, while such characters as are discernible bear 
marked rorembhince to those attributed to Batacanthui. 

Gnihiijkid p'liilhii diul loiuiltty: Keokuk limestone, upper beds ; Keo- 
kuk, Iowa. 
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Genus ORACANTHUS, Agassiz. 

Oracanthus vetustus, Leidy. 

PL XXIV. Fiff. 2. 

Oracanthus vetustus, Leidt. 1856. Jour. Aoad. Nat Scl., Phlla.. 2d series, ill. p. IGl, PI. 16. 
f. I, 2. 3. 

Oracanthus consimilis, St.; J. and W., 1875. III. Geol. Surv. VI, p. 476. PL XXII, f. 15. 

The cabinet of Washington University, of St. Louis, contains a 
fine large spine, which, we have no doubt, is specifically identical with 
the form originally described by Dr. Leidy under the above desig- 
nation, and which was subsequently noticed by the authors under the 
name Oracanthus consimilis. This specimen, however, affords a much 
more satisfactory idea of the superficial characteristics of the spine 
than it was possible to gain from the fragmentary material acces- 
sible to us at the time the latter notice was prepared, and we are 
thankful for the opportunity of correcting and extending the notice 
of the species, which we owe to Dr. Hambach, of that institution, 
and to Dr. Leidy, who kindly secured the loan of the type specimen 
from the museum of the Academy of Natural Science. 

The above mentioned specimen preserves a length of 15 centimetres, 
and a width of above 6 c. m., the basal margin and a portion of the 
left side being broken away, exposing the large pulp cavity. The 
outline is that of a moderately backward-curved, rapidly-tapering, 
laterally-compressed cone, terminating in a sharp point ; the anterior 
edge broadly and regularly rounded into the gently-convex lateral 
surfaces ; the concave posterior border somewhat flattened and more 
snarply rounded, but without defined postero-lateral angles. The 
walls of the pulp cavity are moderately thick, presenting the great- 
est thickness along the convex anterior border, the lateral walls more 
or less crushed in by pressure. The exposed surfaces of the spine 
show obscure, irregular longitudinal costs, and are thickly studded 
with tubercles, which assume a variety of shapes, according to their 
position, and ranged in distinct, though interrupted obliquely trans- 
verse rows, which, in the right side, rise from the anterior edge up- 
ward and backward to a point near the middle, where they meet 
similar rows rising obliquely from the concave border in the opposite 
direction ; but toward the base, where the tubercles are more crowded 
and larger, this oblique course is less conspicuous, while their longi- 
tudinal disposition is more or less distinctly marked throughout. Over 
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the lateral surface of this side the tubercles consist of simple, irreg- 
ularly-conical, radiately-Bculptured prominences, their apices directed 
upward, sometimes coalescing in the oblique rows, forming irregular, 
sharp crests spanning two or more of the obscure costsB. Similarly 
confluent, larger tubercles are met with in either border, where they 
form asymmetrically-oblique rows, with indications of a curving up- 
ward on gaining the left side, but presenting individual variation in 
the latter respect — no two specimens actually agreeing. 

In regard to the correspondence of the characters of opposite 
flanks of these spines, the fine example described by Dr. Leidy offers 
most conclusive evidence bearing on their dissimilarity, and which 
might readily confuse identifications based on unique specimens, 
showing opposite sides of the spine. The latter shows an individual 
of about the same dimensions as the example above alluded to, free 
from the matrix of ** iron-gray limestone," revealing both sides of 
the spine, the anterior border of which, unfortunately, has been 
worn smooth obliterating the tuberculation. Compared with the St. 
Louis specimen, the riglit-side tuberculation shows approximately 
the same disposition in oblique rows ascending from either border 
and meeting in the middle where their continuity is interrupted. 
In the left side "the tubercles are arranged more regularly in lon- 
gitudinal rows, and they evince a tendency to become confluent in 
short transverse rows, which pursue an irregular waving course 
across the ray," with a general slight obliquity ascending from near 
the anterior border where the large confluent tubercles are rather 
suddenly deflected upward and cross the edge obliquely, diminishing 
as they approach the right flank, precisely as shown in the fragment 
originally described by the autliors (0. consmUiSy vol. VI, PI. XXII, 
f. 15c). The povsterior border is occupied by three or more longi- 
tudinal rows of tubercles, laterally compressed, the margin in the 
left side being occupied by a row of confluent tubercles obliquely 
curved upward exactly in the opposite direction to the similar row 
in the same side at the anterior border. The example noticed by 
Dr. Leidy is reported as having been derived from the Carboniferous 
limestone of Missouri Territory; the exact formation and locality, 
however, are unknown. 

It may well be questioned whether these spines occupied a dorsal 
rather than a lateral position on the l)ody of the fish. Their flanks, 
instead of presenting that absolute symmetry characteristic of dorsal 
rays, at least so far as relates to the tuberculose ornamentation, 
show marked asymmetrical features which may be more in accord 
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with the latter interpretation of their relative position, or in pairs 
at the lateral line. We are, however, not suflficiently familiar with 
the species of the geuiis to he able to decide to what extent this 
asymnietrical character may be relied upon or whether it is per- 
sistent alike in all representatives of the genus. Oracanthus has 
already been compared with the dermal scutes of the Rays, and a 
rather heterogeneous variety of forms have been generically identi- 
fied. In some particulars, as the oblique course of the tubercula- 
tion, they recall a resemblance to the Gyracanthi, but no vestige 
exists of the strong implanted base accompanying Gyracanthus, while 
their general proportions and outline are widely diiBForent. Neither 
are we prepared to affirm relationship with forms of teeth occurring 
in the same deposits, although their supposed affinities naturally 
suggest possible relations with PsammoduH. 

Geological position and localities : St. Louis limestone ; St. Louis, 
Mo., Alton, 111., Pella, Iowa, &c. 



Oracanthus rectus, St. J. and W. 

PI. XXV. Fig. a. 

Dr. Hamback has obtained from the Chester formation a mere 
fragment of a spine, showing a narrow section of what appears to 
have formed part of the dorsal or anterior edge, which certainly 
possesses congeneric relations with the fossils from the Keokuk lime- 
stone, to which we gave the name Oracanthus ?^ ohliquus (111. Geol. 
Surv., VI, p. 477, PI. 12, f. 16), although they are respectively dis- 
tinguished by well-marked specific characters. 

The Chester specimen shows a spine with a very obtusely angular, 
nearly straight anterior ( ?) edge, the lateral surfaces diverging at a 
moderate angle therefrom, and studded with rudely sculptured, 
irregular-shaped conical tubercles, ranged in closely approximated 
vertical lines and more or less regular oblique rows, on the left side 
rising from left to right; along the anterior ridge the tubercles be- 
come transversely elongated, showing the same strong radiating 
plicii3 and wide vertical spacing; the right side preserves a few 
small, scattered tubercles, belonging to two or three rows, and which 
appear to form oblique rows ascending in the opposite direction to 
that observed in the left side. The tubercles present a more abnipt 
slope above, and at one part of the fragment they appear to be- 
come confluent along one of the lateral cost^e, forming an irregular, 

-17 
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agged crest; tbeir worn apices show distinct punctate structure, 
intimately resembling the eroded coronal surfaces of Orodus and 
other teeth occurring in these deposits, the intertubercular spaces 
showing the ordinary striato-punctate markings of ichthyodorulites. 
The fragment does not reveal the thickness of the walls nor any 
part of the pulp cavity; it evidently belonged to a medium-size 
spine. 

Compared with Oracanthus ohliquns of the Eeokuk limestone, the 
present form is distinguished by its more rigid outline and the more 
regular distribution of the tubercles. In both forms the oblique 
transversely elongate tubercles are asymmetrical; in other words^ 
the crest culminates in a submedian apex along the angularly rounded 
border, from which the longer lateral crest declines obliquely up- 
ward and backward in the Keokuk spine on the right side of the 
anterior angle, and in the present form on the left side of the less 
angularly rounded anterior border. We are, however, inclined to 
regard the unique example of the Keokuk species as pertaining to 
the anterior edge of the spine, and the Chester form here alluded 
to as possibly belonging to the opposite or posterior edge. Ex- 
amined in the relative positions thus indicated, the direction of the 
obliquity of the transverse rows of tubercles in the unique represen- 
tatives of the species mentioned, merely indicate the opposed positions 
of the respective fragments, in both of which the oblique transverse 
disposition of the tubercles is essentially the same. If the relative 
position of the fragment of the present spine is correctly inferred, 
it differs from the form occurring in the St. Louis limestone, 0. 
vctHstm, Leidy, in the much less marked obliquity of the transversly 
elongate tubercles near the anterior border, in which latter respect, 
however, the latter species shows variations approaching the con- 
dition observed in the present spine. But the relations of these 
spines can only be determined from the examination of more com- 
plete and better preserved individuals in the case of the present 
species and ihat fiom the Keokuk formation. 

Geohijkal position and locality: Chester Umestone ; Chester, Illinois, 
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Genus PJflGEACANTHUS, St. J. and W. 

Pnigkacanthus trigonalis, St. J. and W. 

PI. XXIV. Fiff. 4. 

Dormal defense as seen from the side trigonal in outline, laterally 
much compressed, walls thin, terminating in an obtuse apex pro- 
jecting backward about 10'' past a point vertical to the postero- 
inferior angle, exceedingly attenuated inferiorly with signs of a plain 
marginal border that was buried in the integument. Anterior edge 
gently arched, slightly curved toward the inferior angle, rounded 
into the gently convex lateral surfaces; posterior border apparently 
a little more compressed, gently concave vertically, and studded 
with relatively strong, irregular, rudely sculptured tubercles. The 
anterior border is armed with large irregular vertically elongate 
depressed tubercles, which seem to lie immediately on the left flank 
of the border, forming a nearly continuous undulating ridge. The 
tubercles, so far as may be determined by the specimen, are mark- 
edly asymmetrical, the slope facing the anterior edge being abrupt 
and obscurely vertically sculptured, the opposite side presenting a 
wider gentle declivity. The lateral surfaces show more or less dis- 
tinct longitudinal cost®, irregularly striato-punctate, and studded 
with irregular stellate tubercles whose apices are directed upward; 
the tubercles, as seen in the left side, vary in size and present a 
rude sort of transverse disposition, especially toward the anterior 
border where occasional large tubercles occur, but irregularly dis- 
persed as relates to the longitudinal costae. The inner surface of 
the lateral walls is smooth with a fine wavy striato-punctate struc- 
ture. The spine may not show the perfect outline of the i^ferior 
margin, but the preserved portion in the flattened condition of the 
specimen measures about' 25 millimetres from the antero to the 
postero-inferior angle ; height of posterior border, 20 mm. ; ditto of 
anterior border at least 83 mm. 

The collection of Mr. Alexander Butters contains the unique and 
nearly entire example upon which the above description is based. 
The specimen is embedded in a limestone matrix in such manner 
as to reveal only the one side, and part of this is broken away 
exposing a corresponding area of the inner side of the opposite wall, 
the thin inferior portions of the walls being brought into close con- 
tact by pressure. The specimen is unquestionably closely allied to 



2ti0 PALEONTOLOGY OF ILLINOIS. 

the Kookuk form, PiiiijeacaHthas pnifiem ' (N. and W., ap.), from 
which it is distinguished by its somewhat stouter proportions, less 
deeply concave posterior border, mid the peculiar tuberculation of 
the liarders. The general character of the tuberculation of the 
lateral surfaccH is much the eame in both forms, but in the present 
one the tubercles are relatively smaller and less crowded. 
Gfohifical position and iMalitif: bt. Louis limestone ; Alton, Illinois. 

I. Wo ar<! umlcr oMiicHtlonx to H. A. Miller. Em-, for remlDdlne db of our remisunenti 
In npeiik'fisly addlne tu thn ulreiulr burilensomp complloftlions oruomoneiature. wblcb 
we I'orpptrnti'il In ntiitndutiinii th^ orlKinnl speoillc ileslunation applied to this toBslI when 
HO tniDaTorred it to a dlBtinft b'^iiub, o( which it Ih the typo. 
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— placenta, (N. and W. sp.), Kinderhook, - - - 69 

— »ymnietricii8, St. J. and W., Kinderhook, - - 71 
latus, St. J. and W., St. Louis, - - - - 72 
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— Wortheni, St. J., Chester, 136 

— Springeriy St. J. and W., L. Carboniferous, - - 138 

— carhonarius, St. J. and W., Coal Measures, - - 189 
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Deltodus, Agassiz, 141 
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— trUobuSy St. J. and W., Warsaw, - - - - 148 

— occidentalis, (Leidy sp.), Keokuk, . - - - 150 

— parvus, St. J. and W., St. Louis, - - - - 151 

— inUrmedius, St. J. and W., St. Louis, - - - 153 

— PoweUii, St. J. and W., Upper Carboniferous, - 164 

— propinqutis, St. J. and W., Coal Measures, - - 156 
Deltodopsis, St. John and Worthen, 168 

— qffijiis, St. J. and W., Warsaw, 160 

— St. Ludovicly St. J. and W., St. Louis, - - - 161 

— angustus, (N. and W. sp.), Chester, - - - - 168 
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PSAMMODONTID^, L. de Koninck. 
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— plemis, St. J. and W., St. Louis, - . - - 218 

— calatus, St. J. and W., St. Louis, - - - 217 

— crassidens, St. J. and W., St. Louis, - - - 218 

— angidaris, N. and W.. Chester, - - - - 222 

— reticulattiM, N. and W., Chester, - - - - 224 
CopoDUS, Agassiz, 227 

— Van Hornii, St. J. and W., St. Louis, - - - 229 

— pu^ilius, St. J. and W., Chester, - - - - 281 
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Ctesacanthus, Agassiz, 233 

— CarUmm, St. J. and W,, Keokuk, - ■ - 233 

— dcllexus, St. J. aud W., St. Louis, - - - - 234 
~ HarrUom, St. J. and W., St. Loiiia, ... 236 

— PdUiisls, St. J. and W., St. Louis, - - - - 237 

— graciUimtis, N. and W., St. Louis, ... 238 

— camaliniliis, St. J. aud W., CheBter, - ■ ■ 289 

— Buttcru, St. J, and W., Coal Measuree, - - 240 
AcosDvi^CANTHUs, St. Joliu and Wortben, .... 241 

— rectus, St. J. and W., U. Coal Measares, - - 241 

— nuperus, St. J. and W., Coal Meaeures, - - - 242 
? Mtulqianus, St. J. and W., Coal Measures, - 244 
? xiphios, St. J. and W., Keokuk, - ... 244 

EosEMACANTHrs, St. JoliH and Worthen, . . . . 246 

— costaftis, (N. and W. ep.), St. Louis, - - - 246 
AsTEROPTYCHius, Agassiz, 248 

— teiieViis, St. J, and W., U. Coal Measures, - - 248 
Glvmmatacanthi-3, bt. JoliH aud Worthen, .... 249 

— riiili*. St. J. and W., Keokuk, 249 

^- pctrmlokhx, St. J. and W,, Chester, - - - 250 

Gtrac-astiu'8, Agassiz, 251 

? conlatm, St. J. and W., Keokuk, - - - 261 

Phtsonemus, Agassiz, 252 

— falctUus, St. J. and W., St. Louis, - - ■ 262 
DREPANACANTnus, Ncwbiirry and Wortben, - . - - 253 

— revenus, St, J. and W., St. Louis, - - - 253 
Batacakthus, St. .lobn and Worthen, 253 

— ? neeis, St. J. and W., Keokuk, - - - . 263 
ORACAXTors, Agassiz, - - 255 

— rctnatus, Lcidy. St, Lonis, 256 

— rrvtnx, St. J. and W., Chester, 257 

Pnkieacanthus, St. John and Wortben, .... 259 

— trhjomdu, St. J. and W., St. Louis, - - - 269 
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SECTION II. 
DESCRIPTION OF FOSSIL INVERTEBRATES. 

By a. H. Worthbn 

AND 
A. H. WORTHEN AND S. A. MiLLKR. 



INTRODUCTORY REMARKS. 



For the use of several of the crinoids described and figured in 
this volume, I am indebted to the liberality of Mr. L. A. Cox, of 
Keokuk, Iowa, who, by his zeal and indefatigable industry as a col- 
lector, has brought together one of the finest collections of these 
beautiful fossils ever obtained from the Keokuk limestone, and a 
part of them were found in a higher position in the Keokuk group 
than that from which this class of fossils has usually been obtained. 
These came from a sandy stratum only a few inches in thickness, 
situated near the dividing line between the geodiferous shales of 
the Keokuk group and the overlying Warsaw beds, which form the 
upper part of the river bluflf about a mile below the steamboat land- 
ing, where the fossils were obtained. 

Another very interesting and productive locality was found by Mr. 
N. K. Burket, of Keokuk, in the Keokuk limestone at Hamilton, 
Illinois, and from this a part of the following species were obtained. 
These came trom a cherty layer some three or four inches in tliick- 
ness, intercalated near the top of the quarry rock at Hamilton, some 
five or six feet below the base of the geodiferous shales. These two 
very limited horizons have furnished all the Keokuk species, with 
one or two exceptions, that are described and illustrated in the fol- 
lowing pages. 

The species from the St. Louis and Chester groups were all col- 
lected by the author, and form a part of the Illinois State 
Collection. A. H. W. 



PAL^OCRINOIDEA, 

Genus POTERIOCRIXUS, Miller. 

PoTERiocRixus coxANUS, Woi'then. 

PI. XXVn. Fig. 1. 

Poteriocrinus Coxanua, Wobthkn, February, 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 4. 

Body above the medium size, obconic, gradually swelling from a 
truncated base to the summit of the radial plates, where it is about 
one-fourth wider than high. Basal plates as wide, or a little wider, 
than high, forming by themselves a low pentagonal cup, about twice 
as wide as high. One subradial on the anterior side is longer than 
wide, the others about as wide as long, all pentagonal, there being 
but two distinct angles on their lower margins. 

Badials nearly once and a half as wide as high on the anterior 
rays, curving in on their lateral borders so as to give a pentalobate 
character to the upper part of the body. 

Brachials two, the first quadrangular, and the second pentangular, 
and both more than twice as wide as long, the second supporting 
on their sloping sides the first divisions of the rays. Only two of 
the rays and a part of the third are to be seen, tlio others being 
concealed in the rock. In one of those, probably the anterior ray, 
a second bifurcation takes place on the fifth plate in each division, 
and the outer branch is seen to divide once more about the tenth 
plate, and the inner division on the twenty-fourth to the twenty- 
sixth plate, beyond which the arms of this ray are not preserved. 

On the right antero-lateral ray the second bifurcation takes place 
on the fourth plate in each division, the outer branch dividing twice 
more on the eighth and twenty-second plate, and the inner one twice 
on the twenty-fourth to the twenty-sixth plate, beyond which they 
are not preserved. This gives twelve visible arms to this ray, and 
it is quite possible there were other divisions beyond, as the arms 
extended about two inches beyond the last divisions that are pre- 
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served. The arms are stout, and composed of rounded, short, nearly 
parallel plates, that give off delicate pinnules from their inner mar- 
gins. The uppper part of the ventral tube is exposed by the partial 
removal of the arms, showing that this organ was trumpet-shaped, 
and crowned with heavy hexagonal plates, produced at the center 
into rather sharp nodes, while below the plates are thinner, and 
crossed by about thi-ee sharp ridges, that are most prominent in tlie 
center of the plate. Similar ridges are also visible on the margins 
of some of the summit plates. Anal plates unknown. Column 
round and rather stout, composed of thin, even plates. Length of 
body and arms 6| inches, breadth at the. summit of the ventral 
tube 2'| inches, length of column 7§ inches. 

This magnificent specimen of Potcriocrinus, the finest ever obtained 
from the Keokuk limestone, I take pleasure in dedicating to Mr. 
L. A. Cox, of Keokuk, Iowa, to whom it belongs, in recognition of 
his zeal and untiring industry in collecting the crinoids and fishes 
of that vicinity. 

Posittoji and locality : Upper part of the Keokuk limestone, Ham- 
ilton, 111. 

Mr. L. A. Cox's collection. 

PoTERiocRiNUS BURKBTi, Worthen. 

PI. xxviir. Fig. 8. 
Potcriocvinnn Bnrketi, Wobtiien, February, 1882. 
liullctlu No. 1. of the Illinois State Museum of Natural History, p. 5. 

Body small, cup-shaped below the summit of the first radial 
plates. Basuls small and concealed by the first joints of the column. 
Subradial plates slij^htly protuberant from the depression of their 
upper angles, curving below into the basal concavity. 

Iladials pentagonal, about once and a half as wide as long. Bra- 
chials two to each ray, the first quadrangular, and the second the 
same form as the radials, and supporting on their upper, sloping 
sides the first division of the amis. The arms after the first divis- 
ion on the second brachial plate, divide again on the sixth to the 
ninth plate, beyond which they continue simple to their extremities, 
making four arms to each ray. Arms composed of slightly wedge- 
formed plates, about as long as wide below the last bifurcation, but 
proportionately longer and more zigzag in their arrangement above, 
giving off strong pinnules alternately from their longest sides. Anal 
plates small, the first one apparently resting between two of the sub- 
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radials, and this is succeeded by a double series of minute plates 
that form the lower extremity of the ventral tube. This organ is 
composed of minute plates, is balloon shaped, and shows a small 
opening about two-thirds the distance from the base to the summit. 
Column at the top composed of round, nearly uniform plates, but a 
short distance below thicker joints are intercalated at irregular intor- 
vals. It decreases in diameter nearly one-half in a distance of two 
inches from the top, and has delicate cyrrhi attached on either side 
at irregular intervals. 

The depressions at the angles of the body plates, give to the ex- 
terior of the cup- shaped body a somewhat rough appearance. 

This species is named in honor of Mr. N. K. Burket, of Keokuk, 
Iowa, who discovered the interesting locality at Hamilton where 
this and several other new forms have been obtained. 

Position and locality: Top of the Keokuk limestone, Hamilton, 
Illinois. 

Nos. 260 and 402 of Mr. L. A. Cox's collection. 



POTERIOCRINUS TENUIDACTYLUS, WorthcU. 

PI. XXVIII, FifiT.W. 

Poteriocrinns tenuidactylus^ Wobthen, February, 1882. 

Bulletin No. I. of the Illinois State Museum of Natural History, p. 6. 

Body obconical, length and breadth to the top of the radial plates 
about equal. Basals well developed, expanding upward from the 
column, forming a pentagonal cup rather wider than long. Subra- 
dials about as wide as high, the one on the posterior side supporting 
in part two quadrangular anal plates, that are succeeded by a 
double series of smaller plates of the same form, forming the base 
of the ventral tube. 

Radials pentagonal, wider than high. Brachials four to each of 
the posterior rays, three of them quadrangular and the fourth pent- 
angular, supporting on its upper sloping sides the first divisions of 
the rays. The arms in the left posterior ray, after dividing on the 
last brachial, give oflf a branch from each division, about the twelfth 
to the twentieth plate, beyond which they are simple as far as can 
be seen, giving four arms to this ray. 

The arms are long and slender, composed of rather long, rounded 
joints, slightly zigzag in their arrangement, and give off rounded 
pinnules from their projecting sides. 
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The rentrnl tut)e, of wliicb some traces can be seen an inch above 
the base, appears to have been cyhndrieal, starting with the two 
loii^' qitaJriingiilnr anal pliitC8 tliat rest on the posterior eubradial 
plate, the siiceeedicig plates decrcaaing upward in size. 

Column at its upper extremity rather large, and composed of ex- 
tremely short joints, closely ancyblosed together. 

Positioii and locality: Upper part of the geode bed, one mile below 
Keokuk. 

No. -0"2 of Mr. L. A. Oox'a collection. 

PoTEUiocnisus lowENSis, 'Worthen. 



Bullc-tin No, 1, ot the Illin.ils SUlc 

Body short, about once and a htilf as wide as high. Basal plates 
email and hidden by the first columnar joints, Subradials small, 
slightly protuberant at the center and depressed at the angles. 
Badials twice as wide as long, pentagonal, depressed on their lower 
lateral borders, with a tolerably well defined suture between them 
and the brachials. 

Brachials two, the first quadrangular, twice as wide as long, the 
second pentagonal, giving support on their sloping angles to the 
first divisions of the rays, and slightly protuberant at their upper 
angles. 

Arms after the first division on the second brachial in two of the 
rays, the left posterior and right autero -lateral rays divide again 
on the fifth fo the seventh plate, bej^ond which they are simple as 
far Rs they have been preserved. On another ray, which may be 
the (interior one, the first bifurcation takes place apparently on the 
fifth brachial, and the second one on the third plate above, as near 
as can be determined from the crushed condition of this ray. ^nal 
plates unknown. 

Column round, composed of rather thick joints near the body, 
becoming alternately thinner below. 

This species is related to Pot. (Scupk.) Gibsoiii of Wliite, but dif- 
fers from it in the number and mode of bifurciitiou of the arms, 
and itlso in the form and proportion of the plates composing the 
body. 

P"xiti(in ami lonilily: Upper shales of the geode bed, one mile be- 
low Keokuk, Iowa. 

No, i")!) of Mr. L. A. Cox's collection. 

From an oversight tins specimen was not figured. 
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PoTERiociuNUS HAMiLTONENSis, Wortben. 

PI. XXVII. Flff. 9. 

Poteriocrinus Jlamiltonensis, Wobthkn. Feb. 1882. 

Bulletin No. 1. of the Illinois Btuto Museum of Natural History, p. 7. 

Body short, forming a low, shallow cup about twice as wide as 
high. Base concave, the basal plates being hidden by the first col- 
umnar joints. Subradials of nearly uniform size, four hexagonal and 
one heptagonal, all curving below into the basal concavity. Radials, 
four of them nearly twice as wide as long, pentagonal, the one on 
the anterior side smaller, and all indented at their lower angles to 
correspond with the similar indentations of the upper angles of the 
subradials. A somewhat gaping suture exists between the radial and 
brachial series. Brachials, one to each ray, longer than the radials, 
and four of them sharply angular above for the support of the arms. 
On the anterior ray the brachial is constricted above to about one- 
half its width below, and on its upper truncated margin supports 
the plates of a single arm, making nine arms altogether for this 
species. Four or five anal plates can be seen arranged as usual in 
this genus. Arms composed of short quadrangular plates, that give 
off strong pinnules, the joints of which are twice or more as long 
as wide. Column, unknown. 

This species is nearly related to the little form to which we have 
given the name P. penicilliformis, but differs from that in its more 
broadly cup-shaped body, shorter brachials and arm-plates, and also 
in the pit-like depressions at the angles of the body-plates. The 
body alone could not be easily distinguished from Pot (Scaph.) unicvs 
of Hall, while it is entirely unlike that in the number and arrange- 
ment of the arms. 

Geological position and locality: Upper part of the Keokuk lime- 
stone, Hamilton, Illinois. 
No. 176, Mr. L. A. Cox's collection. 

PoTERiocRiNus Okestes, Worthcu. 

PI. XXVII. ¥\g. 3. 

Poteriocrinus Orestes. Wobthen. Feb. 1882. 

Bulletin No. 1. of the Illinois State Museum of Natural History, p. 7. 

Body depressed, cup-shaped, about twice as wide as high. Base 
concave, basals small and concealed under the first columnar joints. 
Subradials as wide or a little wider than high, three hexagonal and 
two on the posterior side heptagonal, all curving into the cavity 

-18 
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below. Badials about twice as large as the smaller snbradials, four 
of them pentagonal and one on the right posterior side heptagonal, 
counting three angles below. 

Brachials, five to the anterior ray, the first one of which is as 
wide below as the first radial, but constricted above to correspond 
with the narrow, succeeding plates, which are quadrangular and 
narrowly rounded on their external surfaces. The fifth brachial is 
angular above, a little wider than those below, and gives support 
on its upper sloping sides to the first divisions of the ray, which 
thence continue simple to their extremities. 

The four other radials have each a single brachial, which is as 
wide as the radial on which it rests, with a gaping suture between, 
all pentangular, and supporting on their sloping upper angles the 
first divisions of the rays. 

The left antero-lateral ray, after its first bifurcation on the bra- 
chial plate, divides again on the sixth plate above, and the outer 
division twice more on the seventh or eighth plate, while in the 
right antero-lateral both divisions bifurcate on the sixth plate, and 
the outer division again on the seventh or eighth plate, making five 
divisions to this ray, which is probably the normal number in all 
the rays except the anterior one, or twenty-two in the complete or- 
ganism. The arms are composed of rounded, wedge-formed joints, 
giving oflf strong pinnules alternately from their longest sides; pin- 
nules composed of rounded joints about twice as long as wide. 

Anal plates, five visible. The first one is pentagonal, and rests 
between the upper angles of the two subradials and partly under the 
lower angle of the right posterior radial. The second anal is larger 
than the first, hexagonal, and rests upon one of the subradials, and 
extends above the top of the left posterior radial. The third anal 
is hexagonal, about as large as the first, on which it rests, and it 
extends nearly half its length above the top of the posterior radial 
on the right. The fourth and fifth anals are smaller, the one rest- 
ing on top of the second anal and the other on the third. Column 
unknown. 

Geolor/ical position and locality: Top of the geodiferous shales of 
the Keokuk group, one mile below Keokuk, Iowa. 
Nos. 184 and 243 of Mr. L. A. Cox's collection. 

I take pleasure in dedicating this beautiful species to my worthy 
friend and co-laborer, Mr. Orestes St. John, 
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POTERIOCRINTJS LATIDA0TYLU8, Worthen. 

PI. XXVIII. Flfif. 6. 

Poteriocrinun latidactyluB, Wobthkn, Pebniary, 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 8. 

This interesting species is only represented by a single imperfect 
specimen, showing the posterior side of the body, and a part of three 
of the rays. 

Body mamillaeform, once and a half as wide as high to the top 
of the first radials, and composed of smooth, closely joined plates. 
Basals unknown. Subradials nearly as large as the radials, length 
and breadth about equal, four of them hexagonal counting three 
angles below, the left posterior one larger than those on the anterior 
side and heptagonal. Badials pentagonal, once and a half as wide 
as high, and truncated straight across their upper margins for the 
reception of the brachials. These are of the same form and a little 
larger than the radials, and support on their upper sloping sides the 
first divisions of the rays. The arms are composed of broad, short, 
quadrangular plates, resembling closely the arms of Woodocrinus 
and BursacriniLs. In two of the rays which are partly preserved in 
the specimen before me, a second bifurcation takes place on the 
fourth plate above the brachials, beyond which the arm structure is 
unknown. The first arm-plates in the two posterior rays are about 
twice as long as the succeeding ones. 

Three anal plates are visible; the first one is larger than the 
others, and rests between the upper angles of the two posterior sub- 
radials. The second rests on top of the left posterior subradial, and 
the third, which is smaller than either of the others, rests upon the 
first, and above this the lower margins of two or more succeeding 
plates can be seen. 

Column stout, covering the entire width of the base, and com- 
posed at first of nearly equal joints that decrease in diameter below, 
and pass into a series of alternately thick and thinner joints as the 
distance from the base increases. 

Position and locality: Upper part of the Keokuk limestone, Hamil- 
ton, Illinois. 

No, 401 of Mr. L. A. Cox's collection. 



PALEONTOLOGY OF ILLINOIS. 



PoTEBiocRiNua PENICILLIFORMIS, Worthcn. 



PI. xxvin. Tie- 9. 



Body Rmall, forming below the summit of tlie radial plates a low 
cup, about twice as wide as high. Basals, and the lower angle of 
the subiadiiilB, concealed under the first columnar jointi;. 

Subradials about aa long as wide, except the one on the posterior 
side, which is a little longer than the others. Badials about twice 
as large as the basals, wider than long, and truncated squarely 
across their upper margins for the reception of the brachials. 
Brachials twice as long as wide, four of them pentagonal, constricted 
in the middle, and supporting two arms which continue simple to 
their extremities. The anterior ray has a long quadrangular brachial 
plate supporting a single arm, making nine arms altogether for thia 
species. 

Arms composed of rounded joints that are generally longer than 
wide, but shghtly wedge-shaped, giving off strong piimules from 
their longest sides. 

Column slightly larger at its junction with the body than below, 
composed of alternately thicker and thinner joints. 

First anal plate longer than wide, pentagonal, and rests partly 
between two of the subradials and under the right posterior radial. 
Above this a double series of small anal plates can be seen, the 
first of which rests on top of the left posterior subradial, and the 
second oii the first anal. 

This little crinoid is related to that described by Meek and Wor- 
then in the second volume of the Geol, Survey of Illinois, p. 238, 
pi. 17, fig. 6, under the name of Scaphiocriniis decadactylus, but differs 
from it in the proportions of the body plates, and especially in its 
brachials and arm plates. 

Piisitinn iind locality: Upper part of the Keokuk limestone, Hamil- 
ton, Illinois. 

No. 269 of Mr. L. A. Cox's collection. 
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POTERIOCRINUS TENTACULATUS, Wortlien. 
PI. XXVIII, Fig. 11. 

Peieriocrinun tentaculaius, Worthen, February, 1882. 

Balletln No. 1. of the Illinois State Museum of Natural History, p. 10. 

Body of medium size, depressed cup-shaped, more than twice as 
wide as high. Base depressed, basal plates small and concealed in 
the basal cavity. Subradials as long or longer than wide, three 
hexagonal and two on the anal side heptagonal. 

Radials about twice as wide as long ; heptagonal, and truncated 
squarely across their upper margins for the reception of the brachial 
series. 

Brachials two, the first quadrangular, and the second pentangular, 
both as wide or a little wider than the radials ; the second support- 
ing on its upper angles the first divisions of the arms. The arms 
are composed of wide, short, quadrangular joints, and bifurcate the 
second time on the fourth and sixth plates above the brachials, be- 
yond which they are all simple to their extremities, making four 
arms to each ray. Above the second bifurcation the plates of the 
arms gradually diminish in width, and become slightly wedge-formed, 
giving off strong pinnules from their longest sides. 

Anal area proportionately large, with nine small anal plates visi- 
ble. The first is pentagonal, and rests between two of the subra- 
dials and partly under one side of the right posterior radial. The 
two succeeding anals are larger, placed side by side, their lower mar- 
gins resting, the left one on the truncated margin of one of the 
subradials, and the other between the upper angle of the first anal 
and the left margin of the first radial to the right. The next series 
of anals consists of ^three smaller plates placed side by side, and 
these are succeeded by three more that are not fully exposed. 

Column unknown. 

Position and locality: Upper shales of ,the geode bed, one mile 
below Keokuk, Iowa. 
No. 403 of Mr. L. A. Cox's collection. 
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PoTERiocRiNus occiDENTALis, Worthen. 

PI. XXVII. Fig. 2. 

Poferiocrlnvs, occidentalio, Worthen. February, 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, pacre 10. 

Body cnp-shaped, about twice as wide as high. Base depressed, 
the basals small and hidden under the first columnar joints. Sub- 
radials hexagonal and heptagonal, the lower angle curving under to 
form a part of the basal concavity. 

Kadials pentangular, nearly twice as wide as long, with a gaping 
suture between them and the brachials. 

Brachials on four of the rays pentangular, widest below, slightly 
constricted in the middle, and angular above, supporting on their 
sloping sides the first division of the rays. Another bifurcation 
takes place on the tenth plate above the brachials in these four rays, 
beyond which they are simple to their extremities. The anterior 
brachial is quadrangular, constricted above, and supports a single 
arm, making 17 arras altogether for this species. 

The anal side of the specimen is distorted so that the number and 
form of the anal plates cannot be clearly determined ; but three can 
be seen ; the second one much larger than the others, and apparently 
arranged as usual in this genus. 

Column moderately stout, round and composed at the summit of 
evenly-sized plates, that alternate with thinner ones below. 

This species is nearly related to Pot. {Scaph.) unicus, of Hall, but 
differs essentially from that in the number and bifurcation of the 
arms. 

Position and locality: Upper beds of the Keokuk limestone, Ham- 
ilton, Illinois. 

No. 170 of Mr. L. A. Cox's collection. 

PoTERiocRiNus ASPER, Wortheu. 

PL XXVII, Fig. 8. 

Poteriocrbius asper, Worthen, February, 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 11. 

Body of medium size, basin-shaped, base slightly depressed, the 
l)asal plates l)eing concealed by the columnar joints. Subradials 
prominent, length and breadth about equal, the lower angles forming 
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a part of the basal concavity, and the upper angles depressed to 
correspond with similar depressions in the lower margins of the 
radial plates. 

Badials short, about as wide as long, pentagonal, depressed at 
their lower angles, with a gaping suture between them and the suc- 
ceeding brachials. 

Brachials two, the first quadrangular, the second sharply angu- 
lar above, and but little narrower than the radial series. A slight 
angular prominence extends lengthwise across the brachial plates, 
and the same may be seen on the lower portion of the arms under 
a good glass. 

Arms on the anterior ray, after the first division on the second 
brachial, divide again on the fourth and sixth plate, and both the 
outer divisions again on the eighth plate, while the inner one ap- 
pears to be simple after the second division, thus giving six arms 
to this ray. The antero-lateral rays appear to divide once more, 
giving eight arms to those rays. 

Arm pieces rounded, moderately wedge-shaped, and diminish 
rather rapidly in width toward their extremities. Delicate pinnules 
are given off from their longest sides. Anal plates and column un- 
known. 

The depressions at the angles of the body plates, give a rugged 
appearance to the body of this species, and will serve to distin- 
guish it from the other forms with which it is associated. 

Portion and locality: Upper part of the geodiferous shales of the 
Keokuk group, one mile below Keokuk. 

No. 191, Mr. L. A. Cox's collection. 



PoTERiocRiNUs BRi^.Rius, Wortheu. 

PI. XXVII. Fifi. 4. 

Poteriocrinus briariut, Wobthbn, Fol)ruary, 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 12. 

Body of medium size, cup-shaped, base depressed; the basal 
plates small, not extending beyond the columnar facet. Subradials 
prominent in the center and depressed at the angles, three hexa- 
gonal and two on the posterior side rather larger than the others, 
and heptagonal. 
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Badials pentagonal, nearly twice as wide as long, depressed on 
their lower margins to correspond with the depressions in the sub- 
radial plates. They are constricted across the middle, and project- 
ing on their upper margins, with a distinct suture between them 
and the brachial plates. 

First brachial quadrangular, the second pentangular, sharply an- 
gular above, giving support on its upper sloping angles to the first 
division of the rays. 

The arms on the three anterior rays, after their first division on 
the second radials, di\ide at least four times, and one of them, the 
left anterolateral ray five times, the division in every case taking 
place on the outer branch, as in Zeacrinus, while the inner branches 
continue single to their extremities. The divisions generally occur 
on the sixth, eighth, twelfth or sixteenth plate, making ten arms to 
two of these rays, which is probably the normal number, and eleven 
to the other. On the posterior rays, these divisions take place on 
the fourth, sixth and eighth plates. This gives an arm formula of 
fifty arms, as the normal number for this species. 

First anal plate hexagonal, about as large as the smallest sub- 
radials, second and third rather smaller than the first, and all 
arranged as usual in this genus. They are all depressed at the 
angles, though not quite so much as the other plates of the body. 
Column unknown. 

Position and locality : Upper part of the geodiferous shales of the 
Keokuk group, one mile below Keokuk. 

Nos. 100 and 185 of Mr. L. A. Cox's collection. 

POTERIOCRINUS ASPEIUTUS, WorthcU. 

PI. XXVIII, FlK. 2. 

roteriocrvius asperatu:*, WoRTiiEN, February. 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 12. 

Body depressed, forming a low saucer-like cup below the summit 
of the radial plates. Base depressed, and basal plates concealed by 
the upper columnar joints. Subradials small, their lower angles 
concealed in the basal concavity. 

Eadials about twice as wide as long, pentagonal, without any well 
defined suture between them and the first brachial plates. 

Brachials two, about the same size as the radials, the first quad- 
rangular, and the second pentangular, giving support above to the 
first divisions of the rays. 
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Arms composed of rounded, nearly quadrangular joints, and after 
the first division on the second brachial they divide twice more in 
the posterior rays, first on the seventh, and each division again on 
the tenth plate, making eight arms to each of these rays. The 
other rays are partially embedded in the matrix, minute projec- 
tions are visible with a good glass on the outer side of the arm 
plates, that give a roughened aspect to the whole specimen, and has 
suggested the specific name, and will also serve to distinguish it 
from nearly related species. 

Anal plates so closely anchylosed that their forms cannot be 
clearly determined, but the first one rests between two of the sub- 
radials, and is succeeded by a double series of smaller plates that 
apparently go to form the base of the ventral tube. Traces of 
coarse strise, or rows of granules, extending across the brachial 
plates, as well as the radials, can be seen with a good glass. 

Column round, composed of rather even joints, with numerous 
delicate cirrhi attached to it at short intervals. 

Position and locality: Upper part of the geodiferous shales of 
the Keokuk group; one mile below Keokuk. 

No. 234 of Mr. L. A. Cox's collection. 



PoTERIOCRINUS ARACHNiF^FORMIS, WortheU. 

PI. XX VIII. Fig. 12. 

Poteriocrinus arctchn(pfonini», Wobthen, February, 1882. 

Bulletin No. 1. of the Illinois State Museum of Natural History, p. 13. 

Body small, obconical, length and breadth about equal, gradually 
swelling from the base to the summit of the radial series. Basals 
projecting more than half their length beyond the column, and 
forming by themselves a low, pentagonal cup. Subradials compar- 
atively large, three hexagonal, and two heptagonal. Kadials smaller 
than the subradials, the articulating scar semi-circular, and occu- 
pying only about half the width of the plate, with a projecting 
rim around its outer margin. 

Only one anal plate is preserved in the specimen under descrip- 
tion, which is about half as large as the largest of the subradials 
between which it rests, and it extends up to the summit of the 
right posterior radial. The left posterior subradial is truncated 
at the summit for the support of the second anal, which is not 
preserved. 
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Only one of the rays is partially preserved. In this there are 
five brachials, the last one of which is an axillary plate, and sup- 
ports the first divisions of the ray, one of which divides again on 
the third plate, beyond which the arms are not preserved. The 
arms are composed of long, slender, rounded joints, generaUy twice 
as long as wide. 

Column unknown. 

Position and locality : Keokuk limestone, Warsaw, 111. 

No. 2,464, lUinois State collection. 



PoTERiocRiNus Nauvooensis, Wortheu. 

PI. XXVIII. FlfiT. 10. 

Poteriocrinus Xanrooensis, Worthen, February, 1882. 

Bulletin No. 1. of the IllinolB State Museum of Natural History, p. 13. 

Body small, cup-shaped; the plates being displaced somewhat by 
crushing, prevents a complete diagnosis. 

Basals small, and hidden by the first columnar joints. Subra- 
dials as high or higher than wide, and sharply angular above. 
Radials pentagonal, wider than long. First brachial quadrangular, 
second brachial pentagonal, and both as wide or a little wider than 
the radials below. 

The arms of only one of the rays, the left antero-lateral, is pre- 
served so that its structure can be made out. This ray divides on 
the second brachial, and the left branch twice more on the sixth 
and eighth plate above, while the right branch divides at least four 
times on the sixth and eighth plates, making at least eight arms 
to this ray. Anal series cannot be seen clearly enough to be fully 
determined ; they are apparently arranged as usual in this genus. 

Column round, and composed of thin, unequal joints. 

This species is evidently nearly related to Hall's Pot. (Scaph) 
cpqualis, but diflfers from that in the relative size of its subradial 
plates, and in the number and mode of bifurcation of the arms. 

Position and locality: Keokuk limestone, Nauvoo, 111. 

No. 2,465, llUiiois State collection. 
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PoTERiocHiNus OTTERENsifi, Worthen. 

PI. XXVIII. Fiflr.4. 

Potertocrinus Otlerengis, Worthen. Fobrutry, 1882. 

Bulletin No. 1. of the Illinois State MuBoam of Natural History, p. 14. 

Body above the medium size, l)a8in-8haped, about once and a 
half as wide as high, base depressed and the basal plates hidden 
by the column, which is quite stout and pentalobate where it joins 
the body. 

Subradials about one-fourth wider than long, the lower angle 
curving inward to form a part of the basal concavity. The center 
of those phites is smooth and a little protuberant, with four deep 
indentations on their borders, two of which are lateral, to meet 
those of the adjacent subradials, and two directed obliquely upward 
to meet similar depressions in the radial plates. 

Radials wider than long, constricted across the middle, and pro- 
jecting on their upper margins, with two slightly oblique depres- 
sions below, that meet two of those in the subradial plates. They 
are pentagonal in form and support on their upper tnmeated mar- 
gins the brachial series. 

Brachials one to each of the postero-lateral rays, smaller than 
the radials, slightly constricted, and sharply angular above, giving 
support to the first divisions of the rays. Arm structure unknown. 

Three anal plates are visible, the first nearly as large as the sub- 
radials, the others a little smaller, and all having from four to six 
depressions around their borders that correspond to similar depres- 
sions on adjacent plates. The anal plates have been shoved out of 
their tnio position by the cnishing of the specimen, so that their 
relation to the adjacent plates cannot be clearly determined. 

Position and locality: This unique form was obtained from the 
Keokuk limestone, on Otter Creek, Jersey county, 111. 

No. 2,400, Illinois State collection. 
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PoTEBiocRiNus suBRAMULOSus, Worthen. 

PI. XXVII, PifiT. 6. 

Poterwcrinns suhrantttlosus, Wobthbn. Feb. 1882. 

I'ullotin No. 1. of the Illinois State Museum of Natural History, p. 14. 

Body turbinate or obconical, higher than wide to the top of the 
radial series, and composed of very thin, smooth plates. Basals 
truncate below, about as high as wide, and forming by themselves 
a small patagonal cup a little more than half as high as wide. 

Subradials about twice as large as the basals, four of them hexag- 
onal, and two on the posterior side larger than the others and hep- 
tagonal. Only two of the rays are preserved in the specimen before 
me, and in one of these, the right posterior one, the radial plate 
appears to be quadrangular, and rests directly upon the upper mar- 
gin of the large posterior subradial below. In the left antero-lat^ral 
ray the radial is pentangular, its lower angle fitting in between two 
of the subradials, as is usually the case in this genus. 

Brachials two, the first quadrangular, and the second pentangular, 
both wider than long, and the last supporting on its sloping sides 
the first divisions of the rays. The arms in the right posterior ray 
divide again two or three times, first on the seventh plate, and the 
outer branch twice more on the eighth and twentieth plate, and the 
inner division at least once more about the twentieth plate, making 
as many as ten arms to this ray. The left antero-lateral ray, after 
its first division on the last brachial plate, gives off branches in 
each division on the eighth plate, the outer division dividing twice 
more on the eighth and twenty-second plate, and the inner division 
once more on the twenty-second plate, which is as far as the arms 
can be traced. There are at least ten arms each to these two rays, 
and possibly more. The anterior ray is but partially exposed, and 
seems to have an axillary plate about the twelfth series above the 
last brachial. The first anal plate is nearly as large as the smallest 
subradial, and rests between two of them, and a smaller second 
anal rests upon the first, above which a double series of small 
plates may be seen that probably form the base of a ventral tnbe. 
Column rather stout, the first plates covering the whole diameter of 
the truncated base. 

This species is closely related to Pot. concinntis, of Meek and 
Worthen, Geol. Surv. of 111., Vol. 5, page 490, pi. 14, fig. 8, but 
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differs from that in its more elongate body, the very thin plates of 
which it is composed, as well as in the number and mode of bifur- 
cation of the arms. 

Position and locality: Keokuk limestone, Keokuk, Iowa. 

Collection of the author. 



PoTERiocRiNUS RiCHFiELDENSis, Worthen. 

PI. XXX. Flflr. 5. 

P'terio4jHnus Richfleldeusis, Wobthen. Feb., 1882. 

Balletia No. 1. of tho Illinois Suite Museum of Nutural History, p. 15. 

Body small, turbinate, length and breadth about equal. Basals 
moderately large in proportion to the entire body, projecting above 
the columnar facet so as to form a shallow pentagonal cup. 

Subradials larger than the basals, the two on the posterior side 
the longest, and hexagonal. 

Radials wider than long, pentagonal, with a well defined and 
rather gaping suture between them and the succeeding brachials. 
In the right posterior ray the brachial is twice as long as wide, 
pentagonal, supporting on its upper sloping sides the first divisions 
of the ray. In the left posterior ray the brachial is divided, mak- 
ing two brachials in this ray, the first quadrangular, and the second 
short and pentangular, but I am inclined to regard this as acci- 
dental, and to believe that one brachial to each ray is the normal 
number. 

The first anal plate is a little longer than wide, hexagonal, and 
rests between the sloping sides of the two posterior subradials, and 
partly under the left side of the right posterior radial. The second 
anal is a little larger than the first, and rests on the upper margin 
of the left posterior subradial. The third annal is smaller than the 
others, and rests upon the first. 

Arms composed of rounded joints, not wedge-shaped, and divide 
the second time on the eighth plate above the brachials, beyond 
which they are simple in the posterior rays, the only ones visible 
in our specimen. 

Column round, composed of short joints, and rather thicker at 
the base of the calyx than below. 

Position and locality: Shaly sandstones of the Kinderhook group, 
near Richfield, Ohio. 

No. 2,474, Illinois State collection. 
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PoTERiocRiNUS FouNTAiNENSis, Worthen. 

PI. XXX. Fifir.ll. 

Potericrinus Fountainensis, Wobthen, February. 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 17. 

Body under medium size, rapidly spreading from the base to the 
top of the radial series, where it is about twice as wide as high. 
Basals small and concealed by the first columnar joints. Subradials 
hexagonal and heptagonal, length and breadth about equal. Badials 
once and a half as wide as long, pentagonal, with a well defined 
suture between them and the brachial plates. Brachials about twice 
as long as wide, pentagonal, and narrower in the middle than at the 
ends and supporting tw^o arms on their upper sloping sides, the 
brachial on the anterior ray being longer and more constricted than 
the others. Arms apparently but two to the ray, and composed of 
long zigzag joints, constricted in the middle and giving off on alter- 
nate sides from their upper angles strong pinnules, that are about 
half as large in diameter as the arms. 

The first anal plate is nearly quadrangular in form, and rests be- 
tween two of the subradials and under the left side of the right pos- 
terior radial. The second and third are a little smaller than the first, 
and above these there is a double series of small plates that extend 
up to the base of the ventral tube. 

This species is rather closely related to Pot. (Scaph.) internodins, 
of Hall, Iowa Report, part 2, but differs from that in the form and 
proportions of the plates of the body, and in the zigzag arrangement 
of the arms. 

Position and locality: St. Louis limestone, Fountain creek, Monroe 
county, Illinois. 
No. 2,4c5, Bhnois State collection. 

'SoTE.— The ScapMocrinus decahracuiatus, S. internodius, S, scoparius findZeacrinus 
intennedius, described by Hall in the Iowa Report, part 2, were collected by the writer, 
and were all from the 8t. Louis limestone and not from the Chester group, a fact that it 
is necessary to bear in mind in the identification of these species with those from other 
localities. 
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PoTERiocRiNus Talboti, Worthen. 

PL XXX. Fig. 7. 

Poteriocrinns TaZfto/i, Wobthen, February. 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 17. 

Body very short, basin-shaped, base depressed, and the basals 
hidden in the basal concavity. 

Subradials short, curving inward below to form by their lower 
angles part of the basal depression. 

Radials pantagonal, twice as wide as high, widest at their upper 
margins, and truncated squarely across for the reception of the 
brachial plates. 

On the anterior ray, there are six or seven brachials, all becoming 
narrower upward so that the last is only about half as wide as the 
first. The last one is an axillary plate, and supports two arms that 
continue simple to their extremities. The other rays have but a 
single brachial, which is as large or larger than the radials on which 
they rest, pentagonal in form, and give support on their upper slop- 
ing sides to the first division of the rays. On the left antero-lateral 
ray the arms divide on the sixth plate, beyond which they appear 
to be simple, which would give four arms to this ray. If the pos- 
terior rays, which are concealed in the rock in our specimen, cor- 
respond with the antero-lateral ray, it would give eighteen arms to 
the entire animal. Anal area and column unknown. 

I take pleasure in dedicating this species to my esteemed friend, 
Henry Talbot, Esq., of Waterloo, to whom I am indebted for many 
acts of personal kindness, and for some interesting fossils. 

Position and locality: St. Louis limestone, Monroe county, Dl. 

No. 2,470, Illinois State collection. 

PoTBRiocRiNUs vALiDus, Wortheu. 

PI. XXVIII. Tig, 16. 

rol^riocrinu/t validus, WoBTHEN. February, 1882. 

Bulletin No. 1. of thu Illinois State Museum of Natural History, p. IK. 

Body more than twice as wide as high, forming a low, shallow 
cup. Basals small and concealed by the first columnar joints. 
Subradials hexagonal on the anterior si3e, strongly protuberant in 
the middle and depressed at the angles, giving a very rugged ap- 
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pearance to the outer surface of the body. Badials pentagonal, 
about twice as wide as long, deprensed at their lower angles to cor< 
reepoud with the depresBions of the Buhradial plates. 

Brachials two, the firat quadrangular, and the second pentangolar, 
supporting on their upper sloping sides the first divisions of the 
rays. All the plates to the top of the second brachials possess the 
rugged character mentioned above. Anal series unknown. Anns 
not preserved on the anterior ray, but from the partial preservation 
of those on the posterior side there seems to be not more than two 
to each ray. Column round and rather deUcate, composed, near 
the body, of joints of unequal size. 

Geological position and locality: Warsaw beds of the St. Louis 
group, Warsaw, 111. 

No. 2,463, Illinois State collection. 



PcTEBiocRiNva Clattonensis, Wortben. 

PI. XXX. Fig. «. 



Body of medium size, basiu-shaped, about once and a half as 
wide as high to the top of the radial series. 

Basals small and entirely concealed in the basal concavity by the 
tirst columnar joints. Subradials nearly or quite as long as wide, 
their lower angles curving into the basal concavity. 

Badials once and a half as wide as long, pentagonal, and trnn- 
cated squarely across the upper margins for the reception of tbe 
brachial series. 

Brachials on three of the rays about the same size and form as 
the radials, and give support on their upper sloping sides to the 
first divisions of the rays. 

The arraugenient and number of the arms cannot be determined 
from the specimen in band, but in the right antero-lateral ray a 
bifurcation takes place on the sixth plate above the brachial, be- 
yond which the divisions are unknown. The arms are composed of 
wide, short quadrangular plates, as in Zeacrinas, and would be 
closely joined when folded as in that genus. Three anal plates are 
preserved in the specimen under examination, the first one pentag- 
onal, resting between two of the subradials, and partly under the 
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slipiug side of tho right posterior radial, the second and third are 
smaller, one resting on the top of the loft posterior subradial, and 
the other on the first anal. 

Column rather stout, the upper joints filling nearly the whole 
concavity of the base, and composed of thick and thinner joints 
alternately arranged. 

Position and locality: Warsaw beds of the St. Louis group, near 
Clayton, Adams county, 111. 

No. 2,460, Illinois State collection. 

PoTERiocRiNUS Illinoiensis, Worthcn. 

PI. XXVni. Fig. 17. 

Poteriorrinus Illinoiensis^ Worthen, Fob. 1882. 

Bulletin No. 1, of tho Illinois State Museum of Natural History, p. 19. 

Body of medium size, obconical, gradually tapering from ihe sum- 
mit of the radials to the base. 

Basal plates of moderate size, projecting more than half their 
length beyond the column, and forming by themselves a low, pen- 
tagonal cup. 

Subradials as large or larger than the radials, two on the pos- 
terior side heptagonal, the others hexagonal. 

Badials rather wider than long, pentagonal, and truncated squarely 
across their upper margins for the reception of the brachial series. 

Brachials rather smaller than the radials, pentagonal, a little con- 
stricted above, the upper angle obtuse, and giving support to the 
first divisions of the rays. The arms are not preserved, in the only 
specimen yet found of this species, but from the very narrow plates 
that are to be seen in one of the rays, they probably continue sim- 
ple above the first division on the brachial series. 

First anal plate longer than wide, pentagonal, and resting be- 
tween two of the subradials, and partly under the right posterior 
radial. Second anal larger than the first, hexagonal, and resting 
on the summit of the left posterior subradial. Third anal smaller 
than the first, on which it rests, and above this a double series of 
small plates are partly visible, that probably formed the base of the 
ventral tube. 

Column round, and near the base composed of joints nearly equal 
in thickness. 

Geological position and localitif: Warsaw beds of tho St. Louis 
group, Warsaw, Illinois. 

No. 2,4r>7, Illinois State collection. 

-19 
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PoTEBiocRiNua Vahbotiknsis, Worthen. 

PI. XXVIU, Fig. u. 
J'oleriooHn'i* Varitotlensls. WobthEn, Feb. 1883. 
Bulletin No. 1. of tbe IllinolB State Museum or Natural History, p. 19. 

Body below the medium size, basin-shaped, a little more than 
twice as wide as hii^h to the top of the radial series. 

Base depressed, the basal plates and the lower angles of the anb- 
radials forming the basal depression. 

Subradials on the anterior side hexagonal, sharply angular above 
and extending up about half the length of the radial plates. 

Radials pentagonal, wider than high, the articulating scar occu- 
pying the entire width of the plate, with a well-defined suture be- 
tween the radial and brachial series. 

Brachials, two to the ray on tho anterior side, the first quadran- 
gular and the second pentagonal, sharply angular above, and sup- 
porting on their sloping aides the first divisions of the rays. On two 
of the rays the arms bifurcate again on the sixth plate above the 
brachial series, beyond which they are unknown. All the plates of 
the body are finely rugose. Anal series unknown. 

Column slightly pentagonal where it joins the body, and composed 
of alternate thin and thicker joints, but below more massive joints 
are intercalated at short intervals. 

Geological position and hcalitij: Warsaw beds of the St. Louis 
group, Warsaw, Illinois. 

No. 2,458, Illinois State collection. 



FoTEBiocitiNUB spiNOBRAcniATDS, Wortheu, 

PI. XXIX, FiB. 1. 



Body of medium size, basin-shaped, about twice as wide as high 
to the top of the radial series. Base slightly depressed, the under 
basala small and concealed by the first columnar joints. 

Subradials about as wide as high, the lower angles curved inward, 
formin;; a part of the basal concavity. 

liitdials about one-fourth wider thiin long, pentagonal, the upper 
margins coiiuavo, leiiving a gaping suture between them and tho 
brachial plates. 
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Brachials pentagonal, about as long as the radials, compressed 
laterally, so as to form a rather prominent ridge across the middle 
of the plate, ending at the upper angle in a rather obtuse point. 
All the body plates, including the second radials, are marked with 
rugose striations directed from above downward to the base, giving 
a rugose appearance to the surface of the body. The brachials are 
sharply angular above, and support the first arm plates, which are 
triangular, and one on each brachial is produced in front into a 
little node that covers the projection at the summit of the brachial 
plates. The succeeding arm plates are short, wedge-shaped, except 
the axillary plates, which are longer than wide, and produced out- 
wardly into an obtuse point. All the other plates of the arms, 
where well preserved, show short spiniferous nodes on their outer 
margins. 

The arms, after their first division on the brachials, divide again 
on the eighth or tenth plate, and the outer division once or twice 
more on the sixteenth to the twentieth plate, while the inner 
branches continue single to their extremities. 

Column round, and near the top composed of short plates, the 
alternate ones projecting beyond the others. 

Anal plates unknown. 

This species is evidently related to the crinoid figured by Yandell 
and Shumard in their ** Contributions to the Geology of Kentucky," 
without a description, but if their figure is correct, our speecis 
differs from their ''Cyatliocrinun Jlorealis,'' in the form and relative 
proportion of the body plates, as well as in the bifurcations of the 
arms. 

Position and locality: Chester limestone; Monroe county, 111. 

No. 2,436, Illinois State collection. 



PoTERiocRiNus Salteri, Wortheu. 
n. XXIX. V'm. is. 

Potfrlorriuns Salteri, WouTHKN, February, 1882. 

Bullotiii No. 1, of the Illinois State Museum of Natural History, p. 21. 

Body small, basin-shaped, rather more than twice as wide as high. 
Base depressed, and basal plates concealed in its concavity. 

Subradials about as long as wide, those on the anterior side 
hexagonal, the lower angles curving into the basal depression, 
protuberant and slightly depressed at their upper angles. 
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BadialB pentangular, about once and a half aa wide ae long, 
slightly depreesed at their sides and lower angles, and showing a 
distinct suture above, where they join the brachial plates. 

Brachials two to the anterior ray, the first one of which is quad- 
rangular, and wider than high. The second is pentagonal, longer 
than wide, its upper angle produced into an obtuse node, and sup- 
porting on its upper sloping sides the first divisions of the arms. 
The two antero-lateral rays have a single brachial, about the same 
size and form of the sDcond brachial on the anterior ray, and sup- 
port on their upper sides the first divisions of the rays. 

The arms are composed of rounded, quadrangular joints, and all 
divide again on the sixth plate above the brachials, which ia nodose 
like the brachials, and beyond this tliey appear to be single to their 
extremities, giving four arms to each ray. Pinnules rather strong, 
and are given off on alternate sides from the upper margins of the 
arm plates. Anal plates unknown. 

Column round, composed near the body of thick and thinner 
joints alternately arranged. 

Ponitiim anil locality: Chester limestone, Chester, 111. 

No. 2,440, Illinois State collection, 

I take pleasure in dedicating this pretty species to Mrs. J. C. 
Salter, of Chester, in recognition of her enthusiastic labors in col- 
lecting the fossils of that verj- interesting locality. 



iiMis sruLPTus, Worthen. 

PI. XXIX, Fig. ». 



Body of medium size, basin-shaped, about twice as wide as high 
to the top of the radial sories. 

Basf depressed, an<l tlie basals nearly concealed by the upper 
joints of a large pentalobate column, composed of thin plates with 
creiiulated marf;ins. The outer angles of the basals are barely visi- 
bld in the pentaloluite depressions of the column. The column de- 
crcitwes rather rapidly in wize below its junction with the body. 

Subradials a little wider than liigh, the two posterior plates a 
little larger than the others, and all crossed by two or three rounded 
ridgea that culminate in the center of the plate in a sharp node. 
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Radials pentagonal, nearly twice as wide as high, with a sharp 
node in the center corresponding with those on the subradials, with 
distinct ridges extending obliquely from the nodes to meet those on 
the sui)radial plates. 

Brachials two, the first quadrangular, half as long as wide, the 
second pentagonal, about as long as wide, and sharply angular 
above, supporting on its upper sloping sides the first arm plates, 
which are only preserved to the seventh plate above the last brachial 
in our specimen. The brachials and the arm plates as far as they 
are preserved are- spine-bearing. 

Two anals are preserved, the first is about half as large as the 
large siibradials between which it rests, the second is smaller and 
rests on the truncated upper margin of the left posterior subradial, 
and both ornamented like the subradials. 

This species is apparently related to Z. Siimpsoni of S. S. Lyon, 
but diifers conspicuously from that, in the number of its brachials, 
as well as in minor details. 

Position and locality: Chester limestone, Monroe county. 111. 

No. 2,445, Illinois State collection. 

PoTEiiiocRiNUs CoLUMiJiBNSis, Wortlicn. 

PI. XXIX, Fig. 6. 

Poteriocrinus Colnmhiensis, Worthen, February, 1882. 

Bulletin No. 1. of the Illinois State Museum of Natural HistorF. P* 23. 

Body small, turbinate, rapidly spreading from the base to the 
summit of the radial plates. 

Basal plates small, projecting about half their length beyond the 
column. Subradials about as high as wide, three hexagonal, and 
two on the posterior side a little larger and heptagonal. 

Radials pentagonal, a little wider than long, except the one on 
the right posterior ray, which is narrower and nearly quadrangular. 
Brachials about twice as wide as long, rounded and constricted in 
the middle, pentagonal, supposing on their upper sloping sides two 
arms that continue single to their extremities. 

Arms composed at their base of long, rounded joints, twice as 
long as wide, but decreasing in length above, the joints projecting 
laterally for th(» support of strong pinnules which are given off from 
each plate on alternate sides. Arm plates slightly cunoate in form, 
and the lateral ])r()jecti(ms give a zigzag a])])earance to the arms. 
Pinnules composed of round joints that are twice as long as wide 
where they join the arms. 



•^yr^i^TW^ 
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The first nnftl is nitlicr Bmiiller than tlie Beconil, and rests l>e- 
twocn two of tlio suhratlials and against the right posterior mdinl, 
anil extends to tlie Kumuiit of that plate. Tlie secoDd radial rests 
on the n])per margin of the left posterior snhradial, and the third, 
which is smaller than the lirst, rests upon it, and extends up to 
the middle of the brachial on the right. 

Column round, hut only a few joints art! attached to the specimcQ. 

This R]R'(;ic3 ia closely allied to Pot. (Scaph.) internodiiu of Hall, 
liut differs from that in the form of its radials, but more especially 
in its long zigzitg arms, 

Fdxkioii and hicalittf : Chester limestone, near Columbia, Monroe 
county. 111. 

No. 2.438, Illinois State collection. 



PoTERiocBiNrs cLYTis, Worthcn. 

PI. XXX, FiB. 10. 
Poteriocnnui rliiU», Wobthbn. Februiirr, 1883. 
Uultetln No. 1. of the Illinois State Museum of Katural HiHtory. p. 1G. 

Body small, obconical, length and breadth at the top of the radial 
plates about equal. Base truncated, the basal plates forming by 
theniselvcs a low ]ieiitagonal cup. Subradials about as wide as 
hif;]i. Itadials pontaffonal, length and widtli apparently about equal, 
and fiiijipiii-t on their upper margins a single sencs of long slender 
arm ])lates, making but five arms to the entire animal. 

The first arm plates on the two rays that are shown in the speci- 
men liefore me. are three or four times as long as wide, and above 
tlirse a Heries of ten or twelve sluu-ter plates are preserved, all 
rounded externally and generally longer than wide. The anal 
plates are only partially preserved, but the form of the first can be 
eli.'iirly seen. It is jientangular, and rests lietween two subradials, 
!nid umler the riglit posterior radial. Above this, part of a short 
eyhndrical ventral tube is preserved. liemains of short delicate 
jiinnnles can be seen, attached to the inner borders of some of the 
arm plates. 

Coliinin nither stout, thicker at its junction with the body than 
hchiw. and conipo.sed of sliort even joints that alternate with thicker 
ones lielow. 
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This Bpecies diifers in its arm formula from all other Poterio- 
cririidce known at this time, and its depaiture from the normal 
structure may prove of generic importance. 

Position and locality: St. Louis limestone, Monroe county, 111. 

No. 2,456, Illinois State collection. 



PoTERiocRiNUS siMiLis, Worthcn. 

PI. XXX, FI«:. 12. 
Po'eriocriivis sirniHs, Wobthen, February, 1882. 
Bulletin No. 1, of the lUinoifl State Museum of Natural History, p. 23. 

Body small, basin-shaped, twice as wide as high to the top of 
the radial series. The plates of the body are all slightly protu- 
berant in the center, and depressed at the angles. 

Base slightly depressed and basals concealed by the first columnar 
joints. 

Subradials about as wide as high, hexagonal and heptagonal. 

Badials wider than high, with a well-defined suture between them 
and the brachials. Brachials on the two posterior rays nearly 
three times as long as wide, constricted in the middle and angular 
above, supporting on their sloping sides the two divisions of the 
rays. In the right antero-lateral ray the brachial is only about 
twice as wide as high, its upper angle projecting so as to form a 
short node. 

Arms two to each ray on the three rays visible, composed of 
rounded joints that, at first, are nearly twice as long as wide, but 
they gradually become shorter above. They all project laterally, 
and support strong pinnules, that are given off alternately from the 
longest side of the arm joints. The lateral projections of the joints 
give a zigzag arrangement to the arms. 

Only one anal plate is visible in the specimen, and this is placed, 
as is usual in this genus, between two of the subradials, and under 
the left side of the right posterior radial. 

Column round, and at its upper extremity composed of joints of 
nearly equal thickness. 

This little crinoid is related to Pot. Columhiensis, from the same 
locality, but differs from that in its more dt^pressed ])ase, and in 
the slightly protuberant character of its body plates. 

Position and locality : Chester limestone, Monroe county. 111. 

No. 2,446, Illinois State collection. 
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PoTERiocRiNua P0PENSI8, Worthen. 
PI. XXIX. Fie. 12. 

Pateriocrinnt I'/ypenHif. WoRTnis, Fobruarr. 1882. 

Bulletin No. 1. of the Illinois Slutx Hueeum of Natural HIstorr, V- 93- 

Boby Bmall, obconie, gradually sweUing from the base to the snm- 
mit of the radial plates, where it is about once and a half as wide as 
long, composed of smooth, slightly protuberant plates. The basals 
project about one-half their length beyond the column, and form a 
low pentagonal cup, 

Subradials on the anterior side hexagonal, about as wide as long. 
Badials pentagonal, once and a half as wide as long, and truncated 
squarely across their upper margins for the reception of the brachial 
plates. 

Brachials pentagonal, length and breadth about equal, rounded 
extornally, and sharply angular above, supporting on their sloping 
sides the first divisions of the rays. All the arms on the anterior 
side divide again on the seventh, eighth or ninth plate above the 
brachials, and oim of them gives off a second branch on the eighth 
plato, while the others are not preserved beyond the second division 
above the brachials. The arms are composed of short wide plates, 
the two first itbove the brachials being about twice as long as the 
succeeding ones, and all » littlo wedge-shaped. The arms are only 
about half as wide above thi^ second bifurcation as below. Anal 
plates imknown. 

Column round, composed near the base of thick and thinner plates 
alternately arriinged. 

This species is rvlated to Pot. (Scapk.) Rand/Apheniix, Geol. Surv. 
of 111., Vol. 5, page 551, but differs in its wider and more nearly 
parallel arm pliifcs, as wdl as in the bifurcation of the arms. 

Fnsitlon ami lociiUty: ChoHter limestone. Pope county. 111. 

No. ■2,-;54, lUiiiois State collection. 

PoTERiocRiNus Okawknsis, Wortlien. 



J'xifiwei-muf (;«n"-<'n..ia, Woiithen, Fobninry. 1SK2. 

UiillellnNo. l,ot Ihn Illinois Sinti' Museum ut Katunil Hbtory. p. W. 

Body of medium size, wider than high to the top of the radial series, 

compoKud of Hiiiootli, slightly convex plates. 
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Base truncated, the basal plates extending above and beyond the 
columnar facet, so as to form a low pentagonal cup. Subradials 
about as long as wide, three of them hexagonal, and two on the pos- 
terior side larger than the others and heptagonal. 

Radials nearly or quite twice as wide as long, pentagonal, and 
truncated squarely across the entire length of their upper margins 
for the reception of the brachial plates. 

Brachials one to the ray on the two rays visible, about the same 
size as the radials, supporting on their upper sloping sides the first 
divisions of the rays. 

The arms are composed throughout of short, wide, quadrangular 
plates, and after the first division on the radials, divide again in the 
left posterior ray on the ninth or tenth plates and on the right 
antero-Iateral, on the seventh and eleventh plate, beyond which 
they are simple as far as can be seen, making four arms to each 
of these rays. 

The anal side of the specimen is distorted, but six small anal plates 
are partially exposed, arranged in two rows. 

This species is related to Pot. {Scaph.) Randolphensis from the 
same horizon, but differs essentially from that, in the mode of bifur- 
cation, and the wide, short plates of the arms. 

Position and locality: Cliester limestone, bluffs of the Okaw river 
above Chester, Randolph county, HI. 

No. 2,441, Illinois State collection. 



POTERIOCRINUS VENUSTUS, WorthcU. 

PI. XXIX, Fitf. 13. 

Poteriocrinns venustns, Wobthen, February, 1882. 

Bulletin No. I, of the Illinois State Museum of Natural History, p. 24. 

Body small, obconical, gradually swelling from the base to the top 
of the radial plates, where it is about once and a half as wide as 
long. 

Basals extending about half their length above the first columnar 
joints, forming a low pentagonal cup. 

Subradials nearly equal in size, three hexagonal, and two on the 
posterior side heptagonal. 

Radials four, a little wider than long, the right posterior one 
rather narrower than the others, and all pentagonal. 
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Bracliials one to each ray, nearly as wide below as the radialB, 
constricted above, about once and a half as long as their greatest 
width, sharply angukr above, and supporting on their sloping sides 
the first divisions of the arms. 

Arms composed of rounded joints, the first nearly twice as long as 
wide, scarcely wedge-shaped below the second bifurcation, and divid- 
ing the second time on the ninth plate above the brachials, beyond 
which they (continue simple, making four arms to the ray. Rather 
stout pinnules are given off from the longest side of the arm joints 
on alternate sides. 

The first anal plate is rather more than half the size of the sub- 
radiaU, pentagonal, and rests between two of the posterior subra- 
dials, and under the lower side of the right posterior radial plate. 
The second and third are smaller than the first, the second resting 
partly on the summit of the left subradial, and the third on the 
summit of the first anal. Column unknown. 

Position and locality: Chester limestone, Monroe county, lUiDois. 

No. 2450, Illinois State collection. 

POTERIOCRINUB PEClTJiRIS, WortheU. 

PI. XXIS. Fig. 10. 
Potpri:,n,imi:i iipcjiliarl/. Wor.THEN, February. 1882. 
BulleHn Km. I, or llio Illinoli> Stat<) lluaeum of Natural UlsCorr. p.2E. 

Body below the medium size, obconie ; the basals being broken 
away from the specimen, its relative proportions cannot be exactly 
determined. Fragments of two of the basals that still remain at- 
tached show that they extended above and beyond the columnar 
facet. 

Subradials about as high as wide, three of them hexagonal, and 
two heptngonal. 

Badials pentagonal, somewhat irregular in size, the left posterior 
and tho left antoro-lateral ones being a little larger than the others, 
and all about once and a half as wide as long. 

Brachials one to the ray, that on the anterior ray rather the 
longest, the others about as long as wide, constricted in the middle, 
ami sharply angular above, supporting on their sloping upper sides 
the lirst arm plates. 

The arms, after their lirst division ou the brachials, divide again 
at une(|ual distanets from the sixth to the tenth plate above the 
bnichiala on four of the rays visible in the specimen under examin- 



INVEKTEBRATES, 299 

ation, beyond which they continue simple to their extremities, 
making four arms to each ray. The arm joints are all slightly 
wedge-formed, and quite short above the second division, and sup- 
port strong pinnules, which are given oif from the longest pides of 
the joints. 

The anal side presents an anomalous feature that I have not ob- 
served in any other species of Poteriocrinus. In addition to the 
ordinary anals placed as is usual in this genus, there is a pentagonal 
plate about as long as the radials, intercalated between the right 
posterior radial and the subradial below, elevating the lower angle 
of this radial to a level with the summit of the other radial plates. 
This may be only an abnormal development, and I was at first in- 
clined to regard this as only a variety of P. venustus, but its shorter 
brachials and arm-plates, and diiferent mode of bifurcation of the 
arms, seems to afford good grounds for considering it as a distinct 
species. 

Position and locality: Chester limestone, Monroe county, 111. 

No. 2,448, Illinois State collection. 

Poteriocrinus propinquus, Worthen. 

PI. XXIX. Fig. 9. 

PoUriocriuus propinquus, Wobthen. Feb., 1882. 

Bulletin No. 1. of the Illinois State Mu»eum of Natural History, p 2G. 

Body below medium size, obconic or bell-shaped, spreading rather 
rapidly from its truncated base to the summit of the radial plates, 
where it is nearly twice as wide as high. 

Basals about half as long as wide above their junction with the 
column, forming a shallow, pentagonal cup. 

Subradials on the anterior side hexagonal, length and breadth 
about equal, their upper angles extending up about half the length 
of the radial plates. Radials one-fourth to one-third wider than 
high, pentagonal, with their upper margins squarely truncated for the 
reception of the brachial plates. 

Brachials widest at their lower margins, not quite as long as wide, 
constricted in the middle, and sharply angular above, where they 
support the iirst divisions of the rays. Arms four to eight to the 
ray, so far as can be seen from the specimen under examination. 
The left posterior ray divides the second time on the eighth or 
ninth plate above the brachial, beyond which the arms appear to 
bo simple to their extremities. Tiie right antero-lateral arm bifur- 
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cates the second time on the eight or ninth plate, the right branch 
sending oflF two additional arms on the seventh, and again on the 
fourteenth plate, while the left branch gives ofiP another arm on the 
eighth or ninth plate, beyond which it is not preserved. There are 
probably eight arms to this ray. The other rays are not preserved 
beyond the second bifiucation. The arms are composed of rather 
short, wedge-formed joints, that give ofiP strong pinnules from their 
longest sides. 

Anal area unknown. Column round, composed at first of rather 
even joints, with a thicker one intercalated at short intervals below. 
The calyx of this species could not be readily distinguished from 
several others that are found in the Chester limestone, but its long, 
slender arms, and their mode of bifurcation, are its distinctive 
characters. 

Position and locality: Chester limestone, Monroe county, 111. 

No. 2,437, Ilhnois State collection. 

PoTERiocRiNUS Kaskaskiensis, Worthcn. 

n. XXIX. Fig. 15. 
Poteriocruma Kasfcaskiensis, Worthen, Fob., 1882. 
Bulletin No. 1, of the Illinois Stiito Musoiim of Natural History, p. 27. 

Body small, bell-shaped, nearly twice as wide as long to the sum- 
mit of the radials, composed of ratlier thin, smooth plates, so closely 
anchylosed together that their relative size and form cannot be deter- 
mined. The radials are nearly as long as wide, pentagonal, thick- 
ened on their upper margins with a lip-like suture between them 
and the first brachial plates. 

Brachials two, the first quadrangular, the second pentagonal; 
length and breadth about equal, both rounded externally, and con- 
stricted, the second sharply angular above, and supporting on its 
sloping sides the first divisions of the rays. 

Arms composed of rather long, wedge-shaped joints, that project 
slightly on their outer margins, giving them a somewhat zigzag 
appearance, and after their first di\dsion on the second brachials they 
all divide again on the eighth to the tenth plate above the brachials, 
giving four arms to each ray as the normal number. In one of our 
specimens, however, one arm gives off a branch near its extremity, 
making five arms to that ray. 

Pinnules ratlier strong and attached to the longest side of the arm 
plates. Anal plates unknown. Ventral tube cylindrical, and about 
twice the diameter of the adjacent arms. 
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Column round, composed of short, even joints, with numerous 
cirrhi attached at short intervals on opposite sides, which are com- 
posed of rounded joints about half the diameter of those composing 
the column. 

This species may be readily distinguished from P, vemistus and 
P, clytisy by the bell-shaped form of its body and zigzag arrange- 
ment of the arms. 

Position and locality : Chester limestone, blufiPs of the Kaskaskia 
river, four miles above Chester, 111. 

No. 2,452, Illinois State collection. 



POTERIOCRINUS OULTIDACTYLUS, Hall. 

PL XXX, Fig. 1. 

Poteriocrinus cttltidav'ylns, Hatj<, 1859. 

Supplomontary report on the Palflcontologry of Iowa. p. G3. 

"Body elongato-turbinate and slightly expanding at the base of 
the arms, which are regularly bifurcating and but slightly spread- 
ing. Basal and subradial plates unknown. Radial series consisting 
of three plates in each ray, the upper one of which is a bifurcating 
plate. First radial plates pentagonal, besides the truncated angles. 
Second radials about as long as wide, quadrangular with truncated 
angles. Third radials pentagonal, obtusely wedge-formed above, and 
supporting on each side a series of eight arm-plates, the upper one 
of which is a bifurcating plate; above this, on the outer side, there 
is a bifurcation on the twelfth to the sixteenth plate, while the divis- 
ion on the other side remains simple so far as can be traced in the ' 
specimen. This character applies to all except the anterior ray, 
where the bifurcation takes place on the twentieth plate above the 
first division. 

The anal series consists of a number of small usually hexagonal 
plates. 

The plates of the arms are round upon the exterior face, a little 
wider on one side than the other in alternatmg order. The surface 
is finely granulose, without peculiar markings." 

The above description was not drawn from the specimen figured, 
but from one found many years ago, and now in the writer's collec- 
tion, but was not accessible when the figures for this volume were 
drawn. 
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Fimlioii axil Wnlilij: The specimen originally described was 
obtnimd from tlie Dnrliiigtun liniet<toiie, iionr Hamburg, in Oallioun 
county, and tlie oin; fitriired from tlic same horizon at Mt^ntvzuma, 
ill I'iku county, liliuoiH. 

Tht! latter Ih numlier 2,171 of the Illinois State collection. 



Okxi-s ZEACRTXUS, TrooBt. 

iiKAcr.isr3 CoxAxus, Wortheu. 

PI. XXVIII. FIgl. 
Zi-nrrinnK Cnfi»»«. WonTiiES, FebriLiir)-. l*e!. 
imllclln .V<>. 1, (.f ttiu Ill[n.i['. Stalu Mii^pum "f Saturul KisliTf. P. K. 

Uody of medium wizo, husin-slmpcd, more than twice as wide as 
iiiRli to the top of the rtidial series. Base depressed, and the haeals, 
which are small, are conceali'd hy the first columnar joints. Sub- 
railinlH h£?xagonnl, once and a half as wide as their height above the 
basal concavity, wludi is in pari formed by the upward curvature of 
their lower angles, tlicir np])cr angk's extending np nearly one-half 
the length of the radial scries. 

Itailials ]iearly twice as wide as long, pentagonal, and tnnicated 
Hi]uarely across tlicir upper margins for the support of the brachial 
series. Thii anterior ray has two briichiuls, the iiret one qnudran- 
gnlar, once and a half as wide as long, and the second short, peut- 
anijiilar, and supporting the lirst divisions of the ray. Each division 
of this ray bifiireiitos again on fourteenth or sixteenth plate, the 
outer division dividing ugain abmit the same distance above, making 
.■ii.v iirnis to this ray. 

The other rays, so far as can be seen from the only specimen we 
Jijive seen, have only a single brachial jihito, which is a little longer 
than the radial below, i.n'ntagoniil, atnl supports on its upper angles 
two sttnit arms, wJiicli divide lirst on the si\th or seventh plate, the 
iini.T division enntinuin^ simple to its extremity, while the outer 
Dill' iliviiles hviee more on tlie lenlli to llie twelfth plate, making 
I'ight arms to eiu-h of these rays, or thirty-eight to the entire indi- 

Viiluid. 

Anns eoniiiosed of short quadra ugular joints, rounded exteriorly, 
giving off rather delieate pinnules from their inner margins. Aual 
series mikiiown. Coluuni rather ^l^■n(le^, composed of I'ound plat«E, 
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arranged in alternate series of thick and thinner joints. This beau- 
tiful species, the first discovered in the Keokuk limestone in lUinois, 
I take pleasure in dedicating to its discoverer, Mr. L. A. Cox, of Keo- 
kuk, to whom I am indebted for the use of the typical specimen. 

Position mid locality: Upper bods of the Keokuk limestone, Ham- 
ilton, Illinois. 

No. 400 of Mr. Cox's collection. 

Zeacrinus Keokuk, Worthen. 

PLXXVm. Fig. 3. 

Zeacrinus Keokuk, Worthen, February, 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 28. 

Body of medium size, shallow, basin- shaped, about twice as wide 
as high. Base depressed and basal plates concealed by the first 
columnar joints. 

Subradials on the anterior side hexagonal, curving below into the 
basal concavity, their upper angles extending up about half the 
length of the radial plates. 

Badials pentagonal, nearly once and a half as wide as long. 
Brachials single on four of the rays, pentagonal, a little larger 
than the radial below, and supporting the first divisions of the 
rays. The anterior ray has four brachials, the first as long as both 
the succeeding ones, quadrangular and as wide below as the radial 
on which it rests. The two succeeding brachial plates are short and 
quadrangular, a little narrower than the first. The fourth is also 
short, subtriangular, and supports the first divisions of this ray. 
Both branches of the anterior ray divide again on the tenth plate, 
and the outer division the second time on the tenth plate above, 
making six arms to this ray. One of the antero-lateral rays, after 
its first division on the brachial plate, sends off an arm from each 
division on the sixth plate, the outer branches dividing again on the 
eighth to the tenth plate, making eight arms to this ray. The arm 
plates are but slightly rounded exteriorly, and nearly quadrangular 
in fonii. Anal plates unknown. 

Column round, and composed near the body of rather thick, alter- 
nating with very thin plates. 

Position and locality: Ujjper part of the geodiferous shales of the 
Keokuk group, one mile below Keokuk. 

No. 217 of Mr. L. A. Cox's collection. 
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Zeackinus Fikemsis, Wortben. 

PI. XXX, Fig. 3. 

:urBlH[Btorr. I>-2»- 

Body of medium size, short, fonuiug below tbo sammit of the radial 
series a uhallow cup about tliree times as wide as high. Baaals small 
and entirely concealed iit the basal concavity. Subradials rather 
longer than wide, and curving below bo as to form a part of the 
concavity of the base. 

Radials peDtagoaal once and' a half, and the anterior one prob- 
ably twice as wide as long, and truncated squarely across their upper 
margins fur the reception of the brachial series. 

The anterior ray has tliree brachials, the first one of which is aa 
large as the radial below, the second one very short, and both 
qmidrantrular ; the third is also short, but pentangular, supporting 
on its sloping sides the first divisions of the ray. One of these di- 
visions bifurcates again on tlie eighth plate, and the other on the 
tenth, beyond which they appear to be simple to their extremities, 
making but four arms to tliis ray. The right antero-Iateral ray and 
the left posterior ray have each a single brachial, which is nearly 
as long as wide, supporting on its sloping angles the first divisions 
of the rays. The two divisions of the right antero-lateriil ray divide 
again un the sixth plato, and at least one of these divisions, and 
probably both the outer ones, divide again on the tenth plate, making 
six arms to this ray. If the other rays correspond with this, it would 
give twenty-eight anna as the full scries for this species. Anal plates 
unknown. Column slender, and composed of round joints of unequal 
thickness. 

Gi-oUiinciil ponitUm mid liKal'itij: Lower part of the Burlington lime- 
stone, Montezuma, Pike county. Illinois. 

No. 2,4(52, Illinois State collection. 
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Gexus RliODOCRINUS, MiUer. 
Rhodoobinus Coxanus, Worthen. 

PI. XXVIII. Fig. 7. 
Jihndocrinits Coxanus, Wokthen, Feb. 1882. 
Bulletin No. 1. of tho Illinois Stiito Musouni of Natural History, p. .%. 

Body of modiuin size, subgloboso, base slightly depressed, the basal 
plates concealed by the first columnar joints. Subradials a little 
wider than long, their lower angles curved in to form a part of the 
basal concavity. 

Tho first radials much larger than the succeeding ones, heptagonal 
in form; second radials nearly quadrangular, and the third hexag- 
onal, supporting above the secondary radial plates, of which there 
is but one to each division of the ray. 

Brachials, four to five, short, widening above, the upper one with 
a slightly-projecting angle in the middle, separating the first divisions 
of the arms. From two to five single, wedge-formed pieces succeed 
tho brachials, above which the aims are composed of a double series 
of short, interlocking pieces, each one of which gives oflf a moder- 
ately-strong pinnule. In one of the specimens under examination 
the arms on the two rays visible continue single after the first bi- 
furcation, making four arms to each ray; but in another specimen, 
apparently of the same species, a third branch it} given oflf from the 
third plate above the first division, making six arms to these two 

rays. 

From four to six iuter-radials can be seen, the first of which is 
larger than the others, but owing to the crushed condition of the 
specimens, the exact fonn and number of these plates cannot be 
detennined. 

Column round, rather stout, and composed of alternately thin and 
thicker joints. 

The specimen showing six arms to the ray also shows a marked 
prominence in the central portion of the body-plates, wliich is not 
seen in the other, and this we take as the tj^e of R, Coxanus, and 
if these diflferouces should be regarded as of specific importance, 
the name li, polydactylus might be used to designate the other va- 
riety. 

Geolofjical position and locality: Upper part of the geode bed, one 

mile below Keokuk. 

Nos. 197 and 223 of Mr. L. A. Cox*8 collection. 
— lio 



306 PAL/EONTOLOGY OF ILLINOIS. 



Genus PLATYCRINUS, MDler. 
Platycrinus Monroensis, Worthen. 

PI. XXX. Flflr. 9. 

Platucrinns Munroensis, Wortuen. February, 1882. 

Bulletin No. 1, of the Illluois State Museum of Natural HIstorF. p. 30. 

Body small, cup-shaped, about once and a half as wide as high. 
Basal plates extending about one-half their length beyond the first 
columnar joints, the lower margin projecting so as to form a nar- 
row rim to the base. Radials wider than high, the articulating 
scar occupying only about one-third to one-half of their entire 
width. 

Brachials single, narrow, subtriangular, sharply cuneate above, 
and supporting on their upper sides the first arm plates. On the 
two rays visible in the specimen under examination, the arms, 
after their first division on the brachials, divide again, both divisions 
once on the second plate above the brachials, and one of them the 
second time on the second arm plate above, giving five arms to 
each ray. 

Arms composed at first of long, rounded joints, that are some- 
what zigzag and projecting on their margins, where they give oflf 
strong pinnules, but towards their extremities they are composed of 
short, triangular pieces that also sustain pinnules on their longest 
margins. Pinnules quite stout, their diameter being about equal to 
one-third of the width of the plates to which they are attached. 

Position imd localities: St. Louis limestone, Monroe county 111., and 
Blount county, Tenn. 

No. 2,461, Illinois State collection. 

CiKNLS ERETMOCRINrS, L. and C. 

Eketmocrinus Yarsoviensis, Worthen. 

PI. XXVIII. Fik'. 14. 

Eretinovrinua Vars<n'iensis, WoicTHEN, February, 1882. 

IJulletiii No. 1, of the IllinoiH Stale Museum of Natural History, p. SO. 

Body small and turbinate below the base of the arms. Basals 
short, slightly projecting on their lower margins, forming a well 
defined rim around the base, 
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Primary radials three, the first comparatively large, hexagonal or 
heptagonal, the succeeding ones small, one quadrangular and the 
other subtriangular, supporting on its upper angles the secondary 
radial series. 

Secondary radials two, the first quadrangular and the second 
pentangular, supporting above the two divisions of the arms, giving 
four arms to each ray. 

The two first arm plates are nearly quadrangular, and longer than 
those above. The third and fourth are nearly triangular, and are 
succeeded by a double series of slightly interlocking plates that 
spread out towards their extremities in the manner peculiar to this 
genus. 

Interradials three, the first about twice as large as the succeeding 
ones. Anal series unknown. 

Column at its junction with the body composed of thick, round 
joints that, a short distance below, are separated by thinner ones 
arranged alternately. 

Surface of the body plates finely granulose, with a slightly elevated 
ridge crossing the plates, and extending to the top of the secondary 
series. 

This species, minus the arms, closely resembles Batocrinus caroli 
(Hairs sp.) from the same beds, but differs in the number and 
structure of the arms, that having but sixteen while this has 
twenty. 

Position and locality: Warsaw beds of the St. Louis group, War- 
saw, ill. 

No. 2,459, Illinois State collection. 



Genus ONYCIIOCRmUS, l. and C. 

Onychocrinus distensus, Worthen. 

PI. XXIX. Fie. 5. 

Onychocrinus fUstensns, WoRTUEN, Ft;bruary, 1W2. 

BullctiD No. 1. of tho Illinois State Museum ol Xutural History, p. 31. 

Body of medium size, composed of smooth, massive plates. 
Basals concealed by the column. 

Subradials on the anterior side sharply angular beyond the col- 
umnar facet, forming a low, pentagonal cup. 

Radials five, the first pentagonal, about one-fourth wider than 
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long; the second, third and fourth, quadrangular, and nearly as 
wide as the first, their width being equal to about once and a half 
their length. Tho fifth radial iB pentagonal, and supports upon its 
upper sluping flidoB tho divisioua of tho rays. The arms, beyond 
the first division, throw off armlets at intervals of five or six plates 
to their eictremities on tho only rays that are preserved in the speci- 
niena obtained. 

Nono of tho Bpecimens show more than two or three inter-radial 
plates. The first of these is hexagonal, about as wide as long, and 
this was apparently Eucceedod by a series of three smaller plates 
that aro but ])artially preserved. Anal plates unknown. 

Column round, largest at its junction with the body, and com- 
posed of very thin, t-von joints, 

J-'oi'itiiirt aiiit localify: Chester limestone, Monroe county. 111. 

No. 2,44*2, IlUnoia State collection. 



Okxus TAXOCKINUS, PhiUips. 

Taioi^bini's Fletcheri, Worthen. 

ri. xxs. FiB. a. 

TVijr.nrinua yirli-tmrl, WoUTUBH, Februurr. IBSJ. 

ItuMcUn or tbc lUlDnEH Btuta Museum ot Natural lIlHtun-. p. SI. 
Body, with arms complete, ovate in outline, lobate, composed of 
thick, massive plates. Basals small, and concealed by the column. 
Subradials extending nearly half their length beyond the columnar 
facet, forming by themselves a low, pentagonal cup. Primary radi- 
als three in eaeh ray, gradually widening from the first to tho third, 
which is an axillary plate, giving support to tho first plates of the 
second series. Secondary radials three, more than half as wide as 
the first, the last ouo supporting the first plates in the Tertiary series. 
Above the seeondary series sumo of tho arms, if not all, divide 
again on the fifth plate, above which they become quite slender. 

On the anal side of the specimen two series of plates are pro- 
served. Tho iirst one is hexagonal in form, and rests between the 
upper angles of two of tho subradials. In tlie next series there are 
three plates, each about half as large as tho first, the middle one 
resting directly upon it, and the others resting between the upper 
angles of the first anala and the adjacent' first radials. Above this 
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second row of anal plates another series is only partly visible. Inter- 
radials, one or more to each space, but their form and number can 
not be clearly determined from the specimen in hand. 

Column round, larger at its junction with the body than below, 
and composed at first of thin, even joints, but below thicker plates 
are intercalated at irregular intervals. 

Position and locality: Kinderhook group of the Lower Carbon- 
iferous series, Marshalltown, Iowa. 

Dedicated to Mr. Thos. Fletcher, of Keokuk, Iowa, to whom I am 
indebted for this and other interesting fossils. 

The author's collection. 



Genus CYATIIOCRIKUS, Miller. 

Cyathocrinus parvibrachiatus. Hall. 

Pt. XXVni. Fig. 5. 

Cyathornnysparvibrachiatuf, Hall, IHT.l. Dose. New Crinoidoa. 

Cyathocrinuf Hamiltonensin, Wobthen, February, 1882. 

Bulletin No. 1. of the IllInoi» Stnte Museum of Natural History, p. 32. 

Body of medium size, basin-shaped, base deeply impressed, width 
of body about twice as great as the height to the top of the first 
radial series. Basals small and concealed in the basal concavity by 
the upper joints of the column. 

Subradials hexagonal, counting three angles on the under side, 
and curve into the basal concavity ; width and length nearly equal ; 
slightly convex, the greatest convexity being a little below the center 
of the plate. 

Badials about twice as wide as long, those on the anterior side 
pentagonal, the articulating facet for the reception of the brachials 
occupying about one-half the width of the plate. In the anterior 
ray the first bifurcation takes place on the fourth brachial, and in 
one of the antero-lateral rays on the third, and a second bifurcation 
on each division of this ray takes place on the third plate above the 
first. The arms diminish rapidly in size beyond the first bifurca- 
tion. Anal side unknown. 
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Column rather slender, and composed of short, round, even joints. 
Position and locality: Upper beds of Keokuk Umestone, Hamil- 
ton, 111. 
No. 174 of Mr. L. A. Cox's collection. 

NoTK.— After publlshinj? a deBcriptlon of thiH form In 18«2. 1 ascertained that tlie error 
in its iiltu;uoKis. (IS ptibliHhoii in the Boston Journal of Natural History, was due to a 
tyi'OKrjiphieal error, and therefore rostoro the name adopted by Hall in I«»l. 



Cyatiiocrtnus Marsiiallknsis, Worthen. 

PI. XXX. Flff. 4. 

Cynthovrimin Mar»haUen»is, AVobtiiex, Febniary, 1882. 

Bulletin No. 1. of the Illinois State Museum of Natural HiKtory, p. 33. 

DiagnoffU: lioAy mamillato, length and breadth about equal, and 
truncated at the base where it joins the cohmin. Basal plates small, 
longest on the anterior side, angular above, and forming by them- 
selves a shallow pentagonal cup. Subradials about as high as wide, 
four of them of equal size and hexagonal, the fifth on the anterior 
side nearly twice as large as the others and heptagonal. The radials 
on four of the rays are about the same size as the smallest subra- 
dials, pentagonal in form, their lower angles fitting into depressions 
between the subradials, constricted from the lower lateral angles 
upward, so that the upper margins, which support the brachials, are 
only about half as wide as the greatest width below. 

Brachials three on these four rays, narrower than the radials, two 
of them quadrangular, and the third angular above, supporting the 
iirst divisions of the arms. The lateral spaces between the brach- 
ials, and extending below^ to the middle of the radials, appears to 
have been tilled by a calcareous integument, or with minute plates 
that are too small to present definite forms under an ordinary glass. 

On the anterior side of the specimen, the large anterior subradial 
is succeeded by a quadrangular radial resting directly upon its trun- 
cated upper margin, and this is succeeded by two or more quad- 
rangular brachials, beyond which its structure cannot be made out. 

The arms after the iirst bifurcation on the third brachial, divide 
again on the sixth or seventh plate, and some of the branches once 
or twice more, higher up. They are composed of rather long, rounded 
quadrangular joints, decreasing gradually in size to their extremi- 
ties. Anal plates unknowTi. 
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Column round, very strong at the base of the calyx, decreasing 
about one-half in diameter a half inch below, and composed of rather 
thin, even joints. 

Position and locality: Kinderhook group, Marshalltown, Iowa. 

The author's collection. 



Genus EUPACHYCRINUS, Meek andWorthen. 



EUPACHYCRINUS ASPERATUS, WorthcU. 

PI. XXIX, Fig, 4. 

Eupachycrinns asperatus^ Worthen, February, 1882. 

Bulletin No. 1, of the Illinois Stuto Museum of Natural HiBtorjr. p. 34. 

Body of medium size, basin-shaped, composed of very massive 
angular plates. Base deeply concave and basals concealed by the 
column. 

Subradials very massive, projecting outward and downward, 
slightly excavated below from their outer sides to the point where 
they join the basals, and forming five prominent angular nodes on 
which the body would rest when divested of its column. 

Badials nearly twice as wide as long, four of them pentagonal, 
the right posterior one quadrangular, and all produced into obtuse 
nodes or ridges that on three of them extend nearly across the plate, 
nearer to the lower than the upper margin, leaving a broad, sloping 
surface between the ridges and the upper margin of the radial 
plates. 

Brachials on each of the anterior and the antero-lateral rays, 
shorter and about the same width as the radials, and like them 
produced into a distinct ridge on their upper margins. 

The right posterior brachial supports two shorter brachials, and 
these support above two arms each, making four arms to this ray. 
The left posterior brachial supports an additional brachial on one 
side, that gives support to two anns, while a single arm is supported 
on the other side, makiug three arms to this ray. The other 
brachials give support to two arms each, making thirteen altogether 
for this apecies. The first three or four plates of each arm are quad- 
rangular, but they soon pass into a series of wedge-formed interlock- 
ing pieces, gradually becoming narrower toward their extremities. 



812 PALAEONTOLOGY OF ILLINOIS. 

Three anal plates are visible, the first is peatagooal, larger than 
both the others, nodose like the subradials between which it rests, 
while its upper angle extends a little above the radial on the right. 

The second anal rests upon the upper truncated margin of the left 
poHterior subradial, and the third between the first and second anals. 

Column round and rather small for the size of the body. 

This species is related to Lyons' E. qaator-dtcimitrackialis, but dif- 
fers in its less massive form, and in the number of its arms. 

Pogiti'iii and hcnlitif: Chester limestone, Monroe county, DI. 

No. 2,4iS, Illinois State collection. 



MoNROENSia, Worthen. 

PI. XXIX. FlK. Ifi. 
K'Hiartiyrriuuf Mnnroeiisia. Woiithkn. FPbriiitrr. IBSi 
IttillHlin So. 1. or tliti IlUiiniH Klalo MUHVum of Natural Historr. p. 31. 

Body of medium size, low, basin-shaped, composed of massive 
plates. 

BaRals small, triangular above and below, the inner angles bent 
downward under the column, and the outer ones bent slightly upward 
between the snbradials. 

Subradials protuberant, sub-liemispherio externally, generally 
pentangular, tho one on the anal side a little larger than the others, 
and tmncatod on its upper margin for the support of the anal plate. 

Hadials pentagonal, about twice as wide as long, and truncated 
entirely across their upper margins for the reception of the radial 
Bories. 

Anals one, quadrangular, length and width about equal, extending 
above to a level with the summit of the adjacent radials, and rest- 
ing below on the truncated upper margin of the right posterior snb- 
radial. 

Arms and column unknown. 

This species is related to Eupath, forvwsus, Geol. Surv. LI., Vol. 5, 
page 549, but differs from that in the proportions of its radial plates 
and tho subglobose character of its fiubradials. 

Poiitioii and hcaruy: Chester limestone, Monroe county, HI. 

No. 2,'147, Illinois State collection. 



INVERTEBRATES. 313 



Genus DICHOCEIKUS, Munster. 

DicHocRiNUB HAmLTONENsis, Worthei). 

PLXXVn., Fig. 10. 

Dictiocrmus Hamiltoneiisi^f, Worthkn. February, 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural HlHtorF. p. 35. 

Body small, length and breadth apparently about equal, though 
from the crushed condition of the body plates the exact proportions 
of the body can not be accurately detennined. Basals about half 
as long as the radials, forming by themselves a low, shallow cup. 

Radials quadrangular, nearly once and a half as long as wide, 
with a narrow, articulating scar at the summit for the reception of 
the brachial series. 

Brachials three, the last one longer than those below, and sup- 
porting on its upper sloping sides the first arm plates. 

Arms two to each ray, as far as can be seen in the specimen 
before me, composed of short, wedge-shaped pieces, rounded ex- 
teriorly, and giving off from their longest sides rather strong 
pinnules. 

Column unknown. 

This species is nearly related to D. firus, of Lyon and Casseday, 
but differs from that in the shorter fonn of the body and in the 
number of its brachial pieces, which in their species is only two to 
each ray. 

Position and locality: Upper part of the Keokuk limestone, Ham- 
ilton, 111. 

No. 267 of Mr. L. A Cox's collection. 

DiCHOcBiNus CoxANus, Worthou. 

PI. XXVII. Flc. 7. 
JJichoerinufi Coiannn, Wobthkn, February, 1882. 
Bulletin No. 1 of the Illinois State Museum of Natural Hlston'. P. ^. 

Body Hmall, ovate in outline, pointed at the base and contracted 
at the summit of the radial series, so that its greatest diameter is 
near the base of the radial plates. 

Basal plates nearly three-fourths as long as the radials, forming 
by themselves a rather deep cup. . . 
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Radials longer than wide, lateral borders nearly straight, slightly 
contracted at tlieir summits, the articulating scar for the reception 
of the brachial series occupying about one third of the width of 
tlioir upper mar^aus. 

Brachial plates small, apparently two in number, the second one 
being the longest, and supporting on its upper sloping sides the first 
ann plates. 

Anns two to each ray, composed of short, roimded joints, which 
give off strong pinnules from their inner borders. Anal side and 
column unknown. The surfaces of the body plates are marked by 
obscure longitudinal ridges that will serve to distinguish the species 
from any other heretofore described from tliis horizon. 

Position and locality: Upper part of the Keokuk limestone, Hamil- 
ton, 111. 

No. 14 of Mr. L. A. Cox's collection. 



Gkxus TALAROCKINUS, Wachs. & Spr. 
Talarockinus ovatus, Worthen. 

n. XXIX, Fig. 11. 
I'tilarncriinia oratus, Wortiien, Feb., 1882. 
Bulletin No 1, of tho Illinois State Museum of Natural History. P. 36. 

Body above the medium size, ovate in general outline, lobate as 
viewed from above or below. 

Basals about half as high as wide, impressed below, and pentag- 
onal above, with a slight depression at their lateral borders. 

First radials about one-third longer than wide, the anterior one 
pentangular, the others quadrangular, and all protuberant. The 
succeeding radials not visible. 

The first anal is as large or a little larger than the first radials, 
heptagoual, having four distinct angles above and three below. It 
is succeeded by throe small anals, the central one of which is pen- 
tagonal, and rests on the truncated summit of the first anal, while 
the otlier two, the form of which can not be clearly seen, rest upon 
its upper lateral angles. Above this there is one or two series of 
very small plates surrounding the anal opening. 

The vault is composed of very small, smooth plates, except the 
central one, which is larger, and produced into a pointed spine. In 
one cf our specimens there is a spine-bearing plate, between the arm 
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openings and the central spine on two of the rays. Arm openings 

two to each ray. Arms and column unknown. 
This species is related to T, sexlohatus, (Shumard*s sp.) but differs 

from that in its more symmetrical form, its less protuberant radial 

and anal plates, and less nodose summit. 
Positian and locality : Chester, limestone, Monroe county, Illinois- 
No. 2,458, Illinois State collection. 



Genus AGASSIZOCRIMJS, Troost. 

AOASSIZOCRINUS PAPILLATUS, WorthcU. 

PI. XXIX, Fig. 17. 
Agasaizocrinus papillatns. WoBTnEN. Feb.. 1882. 
Bulletin No. 1. of the Illinois State Museum of Natural History, p. ii6. 

Body rather below the medium size, subovate, width at the sum- 
mit of the radials a little more than the leupjth, composed of mas- 
sive, slightly rounded plates that are sepaiated by well-defined and 
deep sutures. 

Basals pentangular, about as wide as long, and rounded below, 
where their inner margins form the walls of a very small pentapet- 
alous opening for the attachment of a very delicate round column, 
two or three joints of which remain attached to one of our speci- 
mens. 

Subradials, three hexagonal, counting three angles below, and two 
on the posterior side heptagonal, length and breadth about equal. 

liadials pentangular, nearly twice as wide as long, except the two 
posterior ones, which are rather narrower than the others. 

Brachials about the same size and form as the radials, and sup- 
port on their upper sloping sides the first arm plates. Arms two to 
each ray, composed of quadrangular joints that gradually diminish 
in width to their extremities. 

Anals, three visible; the first is nearly as large as the radial 
plates, pentagonal and situated as in FoteriocrinuJi, between two of 
the subradials, and partly under the left side of the right posterior 
radial. The second is about half as large as the first, and rests on 
the upper truncated margin of the left posterior subradial. The 
third is very small, and rests upon the upper angle of the first 
anal. 

Positian and locality : Chester limestone, Monroe county, Illinois. 

No. 2,444, Illinois State collection. 
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AoASSizociuKrs HEMiBPitERicca, Worthen. 







PI. XXIJ, Flff. 7. 


/li,aM,>"<T,-, 


,«a ?,.•! 


/.;«|iA^r,V„^ WOKTHEH. Feb. 1882. 


Biillfttin No. 


1, of 11 


le IlJiDOJs Statu Museum ot Natural Hiator7. P- 37. 



Body Bmjill, bowl-plmped, or licmisphericnJ in outline, about once 
and a hnlf as wido as high to the summit of the radial series, rounded 
at the base, anil coiiipofied of maaaivo, protuberant plates. 

DaBalfl small, projecting bat slightly below the sttbradials, forming 
a little pentiigonal star. No columnar facet is visible. 

Subradials a little longer than wide, strongly protuberant, three 
of tliom pentagonal, and tno on the posterior side hexagonal. 

UadiftU pentagonal, three ot them rather more than once and a 
half as wide as long, the two on the posterior side rather narrower 
than the otliorrt, and all truncated squarely across their summits for 
the reception of the brachials, futures between all the plates of the 
body distinct. 

Brachials as wide below as the radials, but strongly constricted 
and sharply angular above, where they give support to the two di- 
visions of the rays. The arm-plates attached are three in number, 
the first nearly twice as long as the succeeding ones, and all qund- 
rangiilar in form. 

Four anal plates are visible, the first is protuberant, pentangular, 
about half as large as tin; largest radials, and rests squarely upon 
the truncated upper margin of the right posterior subradial and under 
the left side of the right posterior radial. The second anal ia about 
half as large ns the first, longer tlian wide, and rests on the upper 
margin of the left subradinl. The other anals are smaller ; the third 
rests l)etween the first and second, and the fourth on the summit of 
the Kecond. Column unknown. 

Geohificid jHmlioii and Incalihi: Chester limestone, Randolph county, 
Illinois,' 

No. 2,451, Illinois State collection. 
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Genus LECYTIIIOCRIXUS, White. 

Lecythiocmnus Adamsi, Wortben. 

n. XXXI. Fig, 8. 
Lecythiovrinuif Adaitmi, Worthen, Fob. 1882. 
Bulletin No. 1, of the Illinois State Museum of Natural History, v. 'S7, 

Body of medium size, irregularly subovoid, sligbtly pentalobate, 
as seen from above or below, from the protuberance of the radial 
plates, and composed of smooth and rather thin plates. The base 
is convex, and occupies about one-fourth the entire length of the 
body. 

Subradials a little longer than wide, with an angular prominence 
just above the middle of each plate, extending from the center to 
the upper margins. 

Radials about half as large as the subradials, length and width 
about equal, triangular below, the angles fitting into the depressions 
between the subradials. They are all surmounted by a small semi- 
circular arm-facet, from which a shallow groove extends to a central 
opening in the summit. 

Just above the summit of one of the subradials, and in the lat- 
eral angles of two of the radial plates, there appears to have been 
a circular opening, rather larger than the arm-facets, which is now 
filled with stony matter, — and whether this is an anal opening, or 
an accidental break in the test of the body, is a question to be de- 
termined from additional material. Columnar facet scarcely larger 
than that for the reception of the arms. Arms and column un- 
known. 

We take pleasure in dedicating this unique fossil to Mr. W. H. 
Adams, of Elmore, Peoria county, who found it on section 13, town- 
ship 11 north, range 6 east, Peoria county. 

It is from about the horizon of Coal No. 8 of the Lower Coal 
Measures. 

No. 2,438 of Illinois State collection. 
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MOLLUSCA. 



BRACHIOPODA. 



Genus CAMEKOniOKlA, King. 



Cameropiioria Giffordi, Worthen. 

:a, Viow of tlorsal valvo; b, ventnil valvo; c, profile vlew.l 
Caincroi'horia fiixf'in'tli, WtUiTHEX, February, 1882. 
liiillotin No. 1, of tiio Illinois State MusiMim of Natural History, p. 39. 

SIk'H above the medium size, broadly ovate or sub- 
c'ircubir in general outline. Dorsal valve nearly cir- 
cubir, moderately convex, the greatest convexity 
being about one-tbird the distance from the beak 
to the front part of the shell, umbo depressed. 
Ventral valve nnich more convex, and the beak 
produced beyond that of the dorsal valve, and 
stronglv rcciirved. 

The only specimen we have seen of this fine shell 
is an internal cast, with a fragment of the test ad- 
hering to the beaks. Traces of ten or twelve broad 
shallow plications can be seen on the front portion 
of the shell, two or three of which probably extended to 
the beak on the ventral valve, while the others became 
obsolete l)efore reaching the cardinal border. Traces of 
thie longitudinal striations are also visible with a good 
glass. Length from the beak to the front 23, breadth 
±i, heighth 11 millimeters. 
Dedicated to the memory of Mr. Wm. Gififord, of Peoria county, 
111., from whom the specimen was received. 

VoaUlon and locaHtif: Middle Coal Measures near Alta, Peoria 
county, 111. 
Illinois State collection. 
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LAM ELLl BRANCH I ATA. 



Genus CH^NOMYA, Meek. 



CH.ENOMYA MARIA, Worthen. 

a Side viuw. b Dorsal v'lwvi. oaU size. 
Vlia-nomt/a Maria. Wdbtusn. Fobruarr. iSSi. 
Biillntin So. I. of th» IllinolH Utute Uusoum of Nutural Hlxtorr. P. 39. 

Shell elongate, sub-cylin- 
drical, anterior aide much 
compressed and aperture en- 
tirely closed; posterior side 
truncntcd and widely gaping. 
Base slightly conves in out- 
line, rounding up gradually 
in front and abruptly be- 
hind, dorsal Bide a little 
concave from the beaks 
to the posterior extremity. 
Beaks depressed, incurved, 
and located about one- 
fifth the entire length of the shell from tlie anterior side. 

Two conspicuous farrows commence at the beak, the anterior one 
crossing the valve obliquely to tbe base of the shell at a point about 
two-fifths of its entire length from the anterior side ; the posterior 
one crossing the shell much more obliquely, and terminating at the 
base of the shell, near its posterior extremity. 
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In addition to those furrows each valve is marked by abont 
thirty-two longitudiual ridgca tliat are a little wider thau the Bpaces 
between them. These commence at the dorsal margin near the 
I)eak, and when they cross the posterior furrow already described, 
they are dollectod abruptly forward to a right angle mtii their 
former course, about two out of every three ending at the anterior 
furrow, while the others are continuoas across that to the anterior 
border of the shell. 

A small fragment of the shell, attached to the cast, shows that 
tlie surface was fmeiy striated obliquely from the beak to the front, 
and with a good lens the striae are seen to consist of rows of minute 
{granules. 

Dedicated to Mrs. Orestes St. John, by whom this fine specimen 
was discovered, and to whom I am indebted for the use of it. 

I'usilioit and local'itij : Upper Coal Measures, Shawnee county, Kan. 
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Genus AVICULOPECTEN. McCoy. 



Avicui.oPECTEs Varsovienbis, Rp, nov. 




Tifw of l.'ft viilv.!. Natural hIzo. 

Sbell largo, snborhicular, hinge-line ratber aliorter than Hit; great- 
ewt hreadtti of the valves below. Left valve nearly Hat, posterior 
ear short, and forming a rather acute triangle, which is clearly de- 
fined from the posterior margin below. 

Anterior ear nearly twice as long ua the posterior, not ho ilis- 
tinctly angular in oatline, the outer margin cun'ing into a deep in- 
dentation where it joins the lateral border of the nbell. Both ears 
show traces of raised lines or costas correspondint,' to those on the 
body of the shell, and on the anterior car, faint tranHversc lines of 
growth are visible. 
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Barfacc of the valves marked by numerous raised lines or coetie, 
that increase towards the base by implantation, and are about as 
wide as the spaces between them. From 80 to 90 of these cost^e 
may bo counted on the borders of the shell. 

Greatest width of the valves 4 inches. Length from beak to base 
d\'ff inches. Length of hinge-liQe 3^ inches. 

Locality and position : Upper beds of the Eeokuk limestone, near 
Warsaw, 111. The author's (;oUection. 

This is a very rare species, only one valve, and part of another, 
having been found in '25 years collections from this horizon. 
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DESCRIPTIONS OF SOME NEW SPECIES OF FOSSIL SHELLS 



FBOH 7HB 



LOWER CARBONIFEROUS LIMESTONES 



AXD 



COAL MEASURES OF ILLINOIS.* 



By A. H. WOBTHEN. 



Orthocebas Illinoiensis, Sp. nov. 

Shell of medium size, gradually enlarging from the apex; section 
slightly ovate, siphuncle rather large, and placed near the margin 
of the shell. 

Septa moderately convex and oblique to the axis, being arched 
strongly upward about twice their width on the siphuncular side, 
and equaling in width about one-fifth of the shortest diameter of the 
shell. Surface markings unknown. 

Length of the largest specimen seen, about 6 inches; greatest 
diameter of the outer chamber, 2^ inches; greatest width at the 
apex, ^ inch. 

This rare shell is only known from three imperfect specimens ob- 
tained from the upper limestone at Chester. 

No. 2,484, of the Illinois State collection. 

^ Note. Those briof doHcriptions are piiblinhHd with the hope that the Rpecios may be 
properly iIIuHtrate<l in a HubHetnient volume of thone reportn. The originals, all of whi<*h 
belong? to the State MuBeum of Natural History, will bo found properly catalof^ued in tho 
casoH of the MuHeum, where they will be accedaiblo to tboBO who may doHire to compai •) 
them with similar forms from other localities. 
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OrTIIOCERAS OkA'^ENSIB, Sp. IIOT. 

Shell elon^rato, slender, very gradually tapering to tlie apex ; septa 
coiipnve, about 4 of them usually in the npace of one diameter. 
Siphunole Bubcentral, surface markings unknown. 

This bIigH haa a general resemblance to 0. IttMhensis of the Upper 
(;<ial MeasiireH, but difFers from that in the position of the siphun- 
I'lc, whii'li in our species is decidedly Bubcentral. 

l'«/titiin ((Hi/ iicuUti/: Chester limestone, vicinity of the Okaw 
bluffs, near Itud Bud, Itandolph county, Illinois. 

No, 2,485, of the Illinois State collection. 

Ortiioceras LaSallessib, 8p. nov. 

[Shell small, gradually tapering. Surface ornamented with trans- 
verse ridges or elevations; situated at irregular distances from each 
other, and with delicate thread-like stritt which cover the transverse 
ridges as well as the spaces between them. The ridges and stria- 
will m'v\i- to distinguish this sjieeics from any hitherto found in the 
Coal Meiisuies, its unianientation resembling that of the O. utulu- 
I'ltiim of the Niugarii limestouf more closely than any other kuowii 
Ammcnn i^in-ciej*. The fragment preserved seems to belong to the 
iion-scptiite iiorlioii of the shell. 

J'imtioH ,111(1 locality. Boof of the middle coal, LaSalle, 111. 

No. 'l,m\, of the Illinois State collection. 

PLi:i;R0TOMARI4 MoSTEZUMA, Rp. UOV. 

Tlii-s line shell is only known from an imperfect cast of the laat 
whorl, wliich may he described as follows: 

Khell attaining a large size, broadly conical in outline; whorls 
three or more, rapidly diminishing in size towards the apex. Last 
whorl obliiiuely flattened, showing a surface about two inches 
hi breadth, whii-h is traversed by about eight rather strong revolv- 
ing striii.-, separated by shallow depressions that ore about J of au 
inch wide near the aperture. The under side of this whorl was also 
traversed by ininiemus revolving sfriiP, about half bb far apart as 
those on the upper side, but their number can not be fully deter- 
mined by the specimen in hand. .V raised line around the inner 
side <if the whorl indicates the presence of a rather wide and deep 
umbilieiis. 
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Greatest width of the specimen in hand, 4§ inches; height of 
the outer whorl, IJ inches. 

Position and locality: The only specimen seen was obtained at 
Montezuma, Pike county, Illinois, from near the base of the Bur- 
lington limestone. 

No. 2,487, of the Illinois State collection. 

Dentalium Illinoiensis, Sp. nov. 

Shell above the medium size, long, straight cylindrical, slightly 
tapering, and scarcely inflated at the aperture. Surface originally 
smooth, but shghtly roughened from weathering in the specimen 
under examination. 

Length, 5J inches; width near the aperture, 7-16 in. 

This species differs from D. Missouriense of Swallow, in its larger 
size, smooth surface and straight form. 

Position and locality : Lowest beds of the Chester limestone, Ches- 
ter, Illinois. 

No, 2,488, of the Illinois State collection. 



CONULARIA ChESTERENSIS, Sp. UOV. 

Shell attaining a medium size, long and rather slender, gradually 
tapering, nearly equally four sided, the four angles being distinctly 
and rather deeply furrowed, while a slight furrow marks the median 
line on each side. The sides are crossed by numerous raised cost®, 
which arch slightly forward from the angles to the median line, 
making an angle with that line of about 14"^. They do not cross 
the angular furrows, but are alternately arranged so that those on 
one side terminate at the intervening space between those on the 
opposite side. These spaces are about twice as wide as the costie, 
and are widest at the median lino. 

The aperture is not well preserved in any of our specimens, but 
the shell was notched at the angles and probably contracted at the 
aperture. 

Length of a rather large individual, 5 inches; breadth between 
the angles near the aperture, 1 inch ; number of costju in the space 
of an inch near the aperture, 20; near the apex, 80. 

Position and locality: Chester limestone, Chester, Illinois. 

No. 2,489, of the Illinois State collection. 



• PAL.EONTOLOGY OF ILLINOIS. 



PrsNA St. Lddovici, Sp. nov. 

Kbetl comparatively (thort, lanceolate ; length abont twice as mucli 
as the great est width. Section ovate -elliptical, valves traversed 
longitudinally by about tivelve to fifteen rather strong ribs that are 
most prominent on the middle portion of the shell, and became 
obsolete towards the vcntal and dorsal margins. Spaces between 
the ribs narrow, beak unknown. Angle formed by the dorsal and 
rental margins about 40". 

This rare species is only known from a single specimen preserved 
in chert, with both extremities wanting. It may be readily diatin- 
tinguishcd from P. Migsouriemh of the Chester group, and from 
any other species known in our Carboniferous rocks, by its shorter 
fonn and greater proportional width. 

Piisition mid locality: St. Louis limestone, Monroe coQDty, III. 

No. 2,4110 lUinois State collection. 



CVI>KICARDIA ? C&NDOLFHEEIStS, Sp. DOV. 

This shell is only known from some casts in limestone, which may 
be briefly described as follows: 

Shell oblong, height from tlie beak to the ventral margin aboni 
half tbe length, valves moderately convex on the anterior portion 
of the shell, and depressed towards the posterior end, where the 
valves were apparently closely joined. Beaks rather large, depressed 
and incurved beyond the dorsal margin, and situated about two- 
liftbs tbe distance from the anterior to tbe posterior extremities. 
A broad and slightly tiuttened depression appears on some of the 
casts, extending from the beak to the ventral margin of the shell. 
Dorsal margin nearly etraipbt, ventral margin parallel with the 
d()rHal for about two-thirds of its length, curving abruptly up- 
ward on tbe anterior, and more gently on the posterior end. Lucule 
ovate ; surfnce markings unknown. 

Length of au average specimen, 2^ inches; height, l^ incbee ; 
thickness, 1'>-Hi inch. 

I'oxUUiu uriil liiriilitii- Chester limestone, Randolph county. 111. 

No. 2,-t91 Illinois State collection. 
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Descriptions of now Carboniferous Eobinodorms, by A. H. Worthen and S. A. Miller. 



CLASS ECHINODERMATA. 



ORDER ASTEROIDEA. 

Family PAL^ASTEKID^. 

CoMPSASTER, n. gen. 

(Ety. KompsoSf elesant; anter, a star.) 

Body stellate ; central area or disc comparatively small ; rays large, 
long, more or less fusiform; grooves deep and bordered by numer- 
ous thin, subcircular, adambulacral plates. The ventral side of the 
typical species shows about six rows of plates upon each side of 
the ambniacral fuiTows, which have a regular, transverse, as well 
as longitudinal arrangement. 

This genus is distinguished from all others in the family by the 
number and form of the adambulacral plates, by the great number 
of disc plates upon each side of the ambulacral furrows, and by the 
general form of the body and rays. 

COMPSASTfiB FORMOSUS, Sp. UOV. 

PI. XXXI: Fie. 2 a, ventral side, natural size; flg:. 2h, section of a ray onliirfirod two di- 
anictors. 

Body deeply stellate ; central disc comparatively small ; rays rigid, 
large, fusiform, more than twice as long as the diameter of the cen- 
tral disc, and terminating abruptly in an obtuse point. The typical 
specimen furnishes the following measurements: Diameter of the 
body, i",r»- inch; length of ray from central part of disc, l-i",", inches; 
diameter of the ray at its junction with the body, ,*„^„ inch. 

Ambuhicral grooves deep; ossicles rather small; adambulacral 
plates very numerous, and consisting of a series of thin plates upon 
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each silk' of tiic atnhiilaornl furrowe, wbicli are roiindeil upon the 
exterior, i>rol(nit;c(l In-low, and eacb bi'ar a short, sharp spine on tLe 
uiipcr part of tbc inner hicIo, (iirei-ted toward the apex of the ray. 
Then' aro about t-ij,'lity ailaniliiilacrals upon each side of the furrows, 
Jiiiil they diminish very slowly in sizo toward the apes, after pKst!m<; 
thi: fiisifonn cnlarRinient of the ray, 

Tlie iliijc- plates aliui upon tht^ ailamlmlacrals in a straight line; 
they lire subquailraiigiilar, or polygonal, and each bears a short, 
strong (Central sjiine. Six longitudinal rown api>ear on the ventnil 
side on each side of the a mi mineral furrows; they are somewhat 
uniform in size, »rrant;i-d in transverse, as well as longitudinal order, 
and are ahout two-thirds as numerous in a longitudinal row as the 
platen in an Hmlmlarral series, 

l>ral plates, niadreporifonn tuliorclf, and dorsal side unknown, es- 
eept so far as wc may jud^je of the spinous character of the plates 
froui those visihh' on the ventral side, 

Tliis lar;;e and lieantitnl speeies is so distinct from any hitherto 
described, that no comparison is necessary for the purpose of iden- 
titieation. 

Piisitiim (()((/ liii-uHlij: Okaw bluffs, betwt;en Chester and Kaskas- 
kia, Riindolph county, Illinois; from the second division of the 
Chester limej^tone. 

Illinois (State eoUc-tion of 18ft(l, by A. H. Worthen, No. 3,476. 



Iiody tnuieated ]jentLit,'onaI, central area circular, deep and large 
in iiropnrtion to the rays ; rays distant, small, short and abruptly 
truncated. 

Dorsal side possessing a rather lurgc centro-dorsal plate, which is 
surrounded by five plates occupying the position of radials, while 
the other ])art is covered with numcriMis small disc plates. 

This t.'1'nus iieint,' founded on a specimen showing the dorsal side 
only, further partieulars will be found in the definition of the species. 
This fossil is so widely ditTfrent from those heretofore discovered 
tliat we flunk it hilongs to a distinct family, which might, very 
appropriately, lie designated the Chulagtrrhhe, but until other speci- 
mt*ns have been found showing other parts of the body, we prefer 
to lot the family remain undefined. 



INVERTEBRATES. 829 

Cholaster PEcuLiARis, Sp. nov. 

PI. XXXI. FijT. 4. a. Dorsal view, natural size; h. Section of a ray enlarifOil, showinpr 
the arranfcomont of the i)late». 

The general form of the body is that of a truncated pentagonal 
star, with a large circular disc. A centro-dorsal plate is surrounded 
by live others, all of which are much larger than other plates of 
the l)ody, and occupy a centro-dorsal depression. The position of 
these five plates is that of radials, resting upon a basal, and there- 
fore, all other plates of the body might be regarded as radials and 
interradials, the latter being very numerous, because of the wide 
separation of the rays at their junction with the body. The inter- 
radials are polygonal, convex, or subspinous plates, without much 
variation in size whether filling the larger or smaller interradial 
spaces. The plates following the larger radial plates, as above de- 
fined, in the direction of the rays, are not, however, by their form 
or arrangement to be distinguished from the interradials, though 
diifering from those forming the rays. The plates covering the 
dorsal side arc thus divided into three kinds, viz. : First, the larger 
plates filling the centro-dorsal depression; second, the disc plates 
which cover all other parts of the body except the rays, and, third, 
the plates which cover the rays proper, which in this species are 
easily distinguished from the central disc plates. 

The rays are short, abruptly truncated, and slightly expanded at 
the apices l)y reason of an enlargement of the terminal plates. 
They are widely separated from each other, though not at uniform 
distances, and present the appearance of having been stuck on 
the central disc, instead of having grown from it, an appearance 
more marked, by reason of the change in the form of the plates, 
from the disc to the rays. 

One of the interradial spaces is much greater than the others, so 
that a line may be drawn across the disc, leaving three entire rays 
upon the smaller half. The back of each ray is covered by a series 
of transversely elongated plates separated from the side scries by a 
longitudinally impressed line. A single series of plates covers either 
side of a ray, interlocking with the transverse dorsal series and di- 
rected backward toward the disc. 

The oral plates are unknown, and no madreporiform tubercle has 
been detected. 

Position and locality: Same as the last. 

No. 2,48() Illinois State collection of 1880. 
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OitDKK OPiriUKOTDEA. 

Tremataster, d. gen. 

lEty. trrma, nn opening: aitrr. & star.) 

Body gtcllnte, ceuti-al part diecoid, rays long, flexnoue nnd grada- 
ally tapering. Enya consisting of a double series of ambulacral 
plates, forming, together, a aulicuneiform series with the tapering 
ends directed toward the apices of the rays and uniting vith the 
larger ends of the micceeding double plates, upon each aide of which 
there is a series of curved adambnlacral plates, which form the 
margins of the rays. The pores are large and situated between the 
contracting sides of the ambulacral plates and the concave sides of 
the GUiTing adambiilacralH. Four plates border upon each pore 
though nearly surrounded by two of them. Plates ten. Dorsal sur- 
face unknown. 

Tliia genua is distinguished by the parallel arrangement of the 
ambulacrals and adambulacrals, instead of the alternate order, and 
by the large pores. 



Tkekataster dipficilis, Sp. 1 



Body stellate, disc Rmall, T&yn long, Hesuous and gradually tapering. 

Ambulnt-ral plati's Hubtrigonal, elongated, and united upon their 
stvaiglit faces in parallel order, so ae to form a series of sub* 
cuneifoiin sections at the bottom of the ambulacral groove, with the 
tapering end of each directed toward the apes of the ray, and uniting 
with the larger end of the nt'st succeeding double plate. 

Adambnlacral plates parallel with the ambulacrals, and each forms 
a curve from the larger end of an ambulacral toward the apex of 
the riiv, to iinito with the next succeeding adambulacral as it curves 
away from its attachment to the ambulacral. By this order of con- 
Rtiuctiou the adambulacrals are Itxed, at one end, to the ambula- 
crals, while the other end moves upon the cun'cd surface of an 
adauibulacral ho as to allow the same lateral flexibility of the rays, 
secured in other genera by the alternate arrangement of the plates. 

The pores arc large and situated between the contracting sides of 
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the ambulacral plates, the concave sides of the adambulacrals, and 
the attaching ends of the succeeding plates, so that they are bounded 
by four plates while nearly surrounded by two. 

The oral plates form, in pairs, elongated triangles, with the acute 
angle directed toward the center of the visceral cavity. The apices 
are joined by a suture with the basal portions, which are partly 
separated by a dividing furrow. A single genital pore perforates 
each basal section of the oral plates. Dorsal side unknown. 

Locality and position: Prairie du Long creek, Monroe county, 
Chester limestone. 

No. 2479, IlKnois State collection of 1878. 



ORDER PERISCHCECHINID^. 

Family LEPIDECHINID^^i]. 

Hybochinus, n. gen. 

(Ety /m&o«, hump-backed; echinus, the sea urchin.) 

Test flexible subspheroidal, and consisting of five (?) ambulacral, 
and the same number of interambulacral areas. ' Ambulacral areas 
composed of numerous ranges of interlocking and overlapping plates, 
each of which is perforated in the central part, by a single pair of 
pores. The plates imbricate from below upward. Interambulacral 
areas narrower, and consisting in the equatorial region of five or 
more ranges of overlapping plates some of which disappear before 
reaching the poles. The plates imbricate from above downward and 
from the central range outward. Surface covered with small gran- 
ules — not large tubercles — for the articulation of minute spines. 
Jaws consisting of large, subtriangular, truncated conical pieces, 
deeply furrowed towards the ends, and perforated in the central part. 

This genus is related in many respects to Lepidesthcs, but differs 
in the important particular of having the imbrication of the plates 
in the opposite direction, as in the Echinotlmridrfi or more modem 
family of flexible Echinoids. The humps and protuberances of the 
upper end of the type specimen, which suggested the generic name, 
are supposed to indicate the great flexibility of the test, and an ab- 
normal development of the number of ambulacral plates. An ab- 
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normal dcvelopmeut of tbe pliitea in Lepideathet, however, could not 
produce Hucb protu berime es at the apicnl end, because the imbri- 
cation of tbo plates is downward and would not permit it. Had we 
otbcr Epccimena sbowiiig an irregular development of tbe ambniacral 
areas aud great increase in tbe number of plates towards the apical 
end, we would couple this feature with tbe remarkably developed 
jaws, and refer tbe genus to a new and distinct family under the 
name of Ui/hiH-hiiiidn: At present we leave it in a family where it 
Beoms to have at least some aSinity. It is quite unnecessary to com- 
pare it with any other genus, or for tbe purposes of identification 
to continue tbe comparison with other characters pOBsessed by 
Ltpidestltfg, 

JIyROCHISUS SPECTADILI8, Sp. DOV. 

PI. XXXI, fie, '' »■: vli.'W r>f n. r],>tirFE<Kur] api^olmpn fifl It appeara onaalnb, ElboirinK 
inirl'' uF four iimlnihitTnl. iLinl ttir<<r' IntiTHCiliulacrnl iireai'. a pci'uliar honi-nkH pr<>luber- 
i>ni.'i< uu>l Ihopr'tnirii'iii ii[ th" j:iwf, llic. ■>. ti., vii'w of thu liitornmbulilcral plaleaand liro 
rnuKuti of iLniliiilniTiilx on i-ni'h fiilo iii'iir Ihn apii-ul end. masnlflpil two diamelerii. Home 
at lliOHRUtioriiufi'iiliiuitroin t>in iDtitr.inihiilacrnl* luv also InJloatcil: Or. &. □., nmenined 
vldwiil theiiiuliiilncriUornihurpIttK-a an Ilii-r arvihriint out In tlie huru-lllte protuber- 
ani't': llii. I>, 'd., iniiKnKlpd vicnr »l noma of the ambulacrals and adambulacrHlsi Hit. 6. 
Hiimniil iif II iTiifhiid i^iiucimr'n uhowliitf tliv Jnwi>: Og. 7, j»w9 tbat may baloni; Co thla, or 
akliiilri-ilsr>(.«-[i's. 

(ieneral form sub spheroidal, modified, however, by the extreme 
fiexibility of tbe test, and as it appears, in the type, at the apical 
end, by i»eculiar protuberances, one of which projects like a born. 
Ten ranges of plateH may be counted in an ambulacra! area in the 
type specimen, but tins number may be, and probably is, exceeded 
in tbe cquntorial region, for ten ranges may be distinguisbed in the 
born-like projection from one of them, where all the ranges are 
certainly not esiioKcd, Tlie ambulaeral plates imbricate from below 
upward, eai-b exposing a sonu'what regularly hexagonal area, trans- 
versely elongated, in the central part of which there are two pores. 
Ah till' iilates imbricate upward the lower part of each is covered, 
so tbat. in faot, tbe pores occupy an upper central position in each 
pliito, piiKHiug through at the lower inner edge of the Bucce«ding 
one. The plates are no beveled as to form a smooth exterior to the 
body. The interanibulacral areas are lanceolate, a little more than 
lialf as wide as tbe ambulaeral areas, and consisting, as shown in 
our Kpi'cimen, at a point above the equatorial region, of five ranges 
of jilates. The ranges decrease in number toward the poles, and 
tbe plates sligblly diminish in size. The plates imbricat€ down- 
wai'd, and from the central range outward, so tbat they overlap tbe 
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ambulacral plates upon either side. The exposed surface of each 
plate is quadrangular, and usually square, or nearly so. The sur- 
face is covered with small granules for the articulation of minute 
needle-like spines, the articular ends of which are marked by a 
slight swelling. The jaws are remarkably large, and seem to have 
formed an ovate body of ten or twelve pieces, each of which is 
deeply furrowed at the ends, and perforated in the central region. 

Other openings and characters of this species caimot bo convetly 
deiined from our s])ecimens. Those represented by figures 5 and 
show only the crushed apical regions and the parts described, and 
were collected from the Chester limestone on Prairie du Long creek, 
in Monroe county, by A. H. Worthen. The one represented by fig. 
7 was obtained from the same horizon in Pope county, and may or 
may not belong to this species. The jaws seem to be smaller than 
they are in the other two specimens, but this may result from their 
being more fragmentary. One genital plate, however, appears upon 
this specimen having four pores, and if it belongs to this specios it 
will of course add that additional character. 

No. 2,181. Illinois State collection. 



Genss PERISIIODOMUS, McCoy. 
Perischodomus Illinoiensis, Bp. nov. 

PI. XXXI. tig, 8, vlow of tho npic^ end of a distortod Bpeclmon, nutunil hizo. 

General foim apparently subspheroidal, and as there arc five am- 
bulacral and five interambulacral areas, and the fonnor are so nar- 
row, it probably has a subpentagonal outline as noticed by McCoy 
in diagnosing the genus. 

Ambulacral an^as narrow, d(;pressed, over-lapped on either side by 
interambulacral plates, and consisting of a double series of inter- 
locking transversely elongated plates, each one of wliicli is ]>ierce(l 
by a single pair of pores. These plates are not uniform in size nor 
shape, though most of them seem to have imperfectly defined sub- 
pentagonal outlines. They slightly overlap from above downward. 

Interambulacral areas covering nearly the entire surface, but as 
the equjitorial region is not preserved, it is impossible to state the 
number of ranges of plates in each area. There may be five and 
there may be seven only five can be distinctly determined from the 
apical view of our specimen. The plates are very irregular in size, 
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imbricate upward, and the two rows adjoining the ambulacral areas 
imbricate outward, but whether the imbrication is from the central 
range outward, as is usual in such cases, cannot be determined, for 
the central range Beema to be depressed, which may have resulted 
from the crushing the fossil has received. 

The plates bore two kinds of spines ; those bearing the larger kind 
possessed a single central spine, but those bearing the smaller kind 
poBBsBsed two or more submarginal ones. The central supporting 
tubercle is a moderately large smooth hemispherical nipple with a 
central perforation. Only one plate of this kind is shown upon the 
typical specimen, and it is in the second range from the ambulacral 
area at about the sixth plate from the genitals. The secondary 
spines were borne by both rows of plates on each side of the am- 
bulacrals, as indicated by small, more or less conical elevations, 
some of which show a minute perforation, and indeed may have been 
borne by the plates in the other ranges. Other characters of the 
species unknown. 

The plates, in the interambniacral areas of this species, correspond 
in number, order of arrai^ement, and spinous character so much 
more nearly with PeriachodomuB than with Lepidechimis, the most 
nearly approximating genus in other known respects, that we have 
little doubt of the correctness of the generic reference, though it 
would be unnecessary to point out how it differs from the European 
forms for the purpose of specific distinction. 

Collected by A. H. Worthen from the Chester limestone at Bay 
City, Pope county, Illinois. 

No. 2,483 Illinois State collection. 
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ORDER AGELACRINOIDEA. 



FAMILY AGELACRINID^. 

EcHiNODiscus, n. gen. 

(Ety, echinus » sea urchin: diskoa, a round plate.) 

Body discoid, depressed convex, the smaller plates being found in 
the border and ambulacra adjacent thereto, and the larger plates 
occupying the central part of the interradial spaces, none of them 
imbricating. The border consists of narrow plates elongated in the 
direction of the circumference, and passing around upon the under 
side, forming a cylindrical nonsessile rim. Ambulacra five, con- 
nected near the central area, but not arising from a common point, 
consisting of narrow, curving angular arches, sharply defined on 
either side, and composed of numerous interlocking or dove-tailing 
plates. Mouth or ovarian pyramid central or subcentral. 

This genus is distinguished from Agelacrinus, with which it seems 
to be most nearly related, by many important characters. First, 
it is not composed of imbricating plates. Second, the manner of 
attachment to other objects was different, as in this genus the mar- 
gin was free. Third, the ambulacra do not arise from a pyramidal 
elevation or common point, but, one may be said to arise on one 
side of the mouth, and to connect, by an ambulacral series of plates, 
with the points, at which two arise, on either side of it, or that two 
series bifurcate, if it is considered that three series originate on one 
side of the mouth, in the first instance. Fourth, the mouth or ovarian 
pyramid is subcentral, while in Agdacrinus it is submarginal. This 
elevation wouhl seem to be homologous with the mouth in the echi- 
noids, for below it, within the visceral cavity, there occur several 
pieces, which were evidently connected with the digestive functions, 
and therefore homologous with the jaws in the latter order. 



\ 
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ECHINODISCUS 0PTATU8, Sp. nOV. 

PI. XXXI. Fig. 9, view of part of tho lower side of a specimen showiDg the plates near 
the marf^in. 

Body discoid, rather large, being more than an inch in diameter, 
and having large plates in the interambulacral areas, and smaller 
ones on other parts of the test. The margin is composed of small 
plates elongated in the direction of the circumference, and forming 
a semi-cylindrical or rounded rim, but not attaching to other objects, 
showing that if the species was sessile it did not unite by the whole 
underside, as in Agelacrhius. 

Interambulacral areas depressed, concave, covered with polygonal 
plates, those in the central part large, while those in the margin 
are smaller, and appear as if trimmed to a straight edge for the 
reception of the ambulacra. 

The ambulacra are long, slender, curving, angular arches, set 
within the face of the disc, and joined with the interambulacral 
plates by straight lines, without interlocking or imbricating plates. 
They are composed on each side of alternately longer and shorter 
plates which interlock at the angular arch, with each other and 
with smaller intercalated plates, so as to give a zigzag outline to 
the dovetailing union of the plates on the surface of each ambu- 
lacrum. The ambulacra do not arise, as in Agelacrinm, from a 
central pyramid, but the divisions take place near the central part of 
the disc, separated by numerous ambulacral plates, and on different 
^sides of the mouth. The manner of bifurcation may be described 
in this way : a division takes place on one side of the mouth, from 
whence two ambulacra curve over the face of the disc, and an 
ambulacral series of plates is directed past the mouth; at the dis- 
tance of one-tenth of an inch it throws off, in the direction oppo- 
site the mouth, a curving ambulacrum and continuing to pass the 
mouth, at the distance of another tenth of an inch it divides into 
two ambulacra. This leaves the mouth in the wider interambu- 
lacral area. 

The month would seem, from the condition of our specimens, to 
l)e central, but it may be slightly subcentral. It consists, on the 
exterior, of an elongated elevation covered by numerous plates of 
larger and smaller size, which are supported on the interior by a 
fewer number of plates, some of which are fluted, but the exact 
order, arrangement and purposes of which are not determined. 
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Collected by A. H. Worthen from the Chester lunestone in Monroe 
and Pope counties. 
No. 2,478, Illinois State collection. 

• 

ARCHiEociDARis Edgarensis, Sp. nov. 

PI. XXX. Fiff. 15. a.b. c. 

Primary spines long, gradually tapenng, cylindrical; articulating 
end perforated with a round aperture, and enlarged in a space of 
about a quarter of an inch into a strongly striated ring, from which 
it rapidly decreases above to its normal diameter at the articu- 
lating extremity. The upper portion of the primary spines for about 
three-fourths of their entire length are rather thickly set with short 
lateral spinules, that project upwards towards the extremity of the 
spine, where the latter terminates in a mucronate point. 

Interambulacral plates hexagonal, length and breadth nearly 
equal, with a single row of granules on the rim of the smaller 
plates, while on the larger ones two or more rows of small granules 
may be seen. 

This species bears some resemblance to A. mucronatus, Meek and 
Worthen, described and figured in Volume 2 of these reports, page 
295, PL 23, fig. 3, a. b. c. That species was obtained from the 
Chester limestone, and the A, Echjarcnse may be readily distin- 
guished from that by its shorter and more numerous spinules, its 
strongly striated ring, and the less robust character of its primary 
spines. 

Position and locality : Upper Coal Measures, one mile east of Bald- 
winsville, Edgar county. 111. 

No. 2,447, Illinois State collection. 

ArCILEOCIDARIS SPIN0-CLAVATU8, Sp. UOV. 
IM. XXX. fig. 14. a. h, r. «/, f, jirid Vol. 5. PI. XXIV, flg. 13, a. h. c. d, • 

Primary spines rather long, moderately stout, cylindrical at the 
base and gradually increasing in diameter toward the upper ex- 
tremity to twice or three times the diameter below, and then rapidly 
diminishing to an obtuse termination. 

The enlarged upper portions of the spines are sometimes subtri- 
angular in section and thickly covered with nodose spinules, which 
are longest on the angles, and directed upward toward the apex of 
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the spine. These nodose spinules continue down over the middle 
portion of the spine, but they are smaller and less numerous than 
on the clavate portion above. The lower part of the long spines 
are nearly or quite destitute of spinules, but on the shorter ones 
they continue nearly to the basal ring. This ring is nearly twice 
the diameter of the articulating extremity, and smooth. 

Interambulacral plates hexagonal, with a nodose rim around their 
margins, and there are indications of low granules scattered spar- 
ingly over the outer surface of some of them, but they are highly 
silicified, and their external markings thereby obscured. 

Central tubercle strongly elevated, papilliform, with a rather deep 
space between it and the annulation, the latter forming a distinct 
and slightly projecting rim for its support. 

This species may be readily distinguished from other Coal Measure 
species by the spino-clavate character of its spines. 

Position and localities: Middle and lower Coal Measures, St. Clair 
and Marshall counties, Illinois. 

No. 2,404 Illinois State collection. 



ARCHiEOCiDARis Illinoiensis, Sp. nov. 

PI. XXXI. Fig, 1. a. b. 

Primary spines rather stout, cylindrical, tapering very gradually 
above the articulating ring to their extremities. Articulating ring 
subaugular, and from this the spines contract rapidly to the articu- 
lating extremity. Just above the articulating ring the spines are 
slightly curved, and above the curvature they are studded with short 
sharp spinules that are directed outward and slightly upward 
towards the extremity of the spine. The articulating end is perfo- 
rated by a round aperture, which extends about to the articulating 
ring. 

The only specimens of this species yet obtained consist of pri- 
mary spines, and some fragments of the inter-ambulacral plates, 
the latter too imperfect for an accurate description. 

Position and locality: From the black beds of the St. Louis lime- 
stone, near the Illinois Furnace, Hardin county, Illinois. 

No. 2,475, of the Illinois State collection. 



PALEONTOLOGY OF ILLINOIS. 



SECT I OX III. 
DESCRIPTION OF FOSSIL INVERTEBRATES. 

By Charles Wachsmutii 

AND 

W. II. Bariuh. 



pal.eocrinoid2a, 



Genus ALLAGECRINUS, Carp, and Ether. 



Allaoecrinus CARrENTERi, Wacbsmutli. 

PI. XXIX, Fig. U. 

AUagpcrinus Carjienteri, Wachsmuth. February, 1882. 

Bulletin No. 1, of the Illinois Stato Musoum of Nfttural History, p. 40. 

The unique specimen upon which this species is founded is from 
the collection of Prof. Worthen, who kindly permitted me to describe 
it. It is partly imbedded in the rock, but only ii small portion is 
covered by the matrix. It consists of a two-inch column, the calyx 
and arms. The calyx is somewhat pressed out of shape, but with 
this exception is excellently preserved. The specimen is small, its 
length measuring from the basal disk to the tips of the arms 80.100 
parts of an inch, to the ann bases 16.100 parts, of which the basal 
disk occupies only 4.100 parts. 

Specific Diagnosis: The calyx is of small size, the form is cylin- 
dro-conical ; it is composed of two rings of plates, the upper sup- 
porting the arms. There are no interradials, and no azygous side. 
Plates strong, without ornamentation. 

13asal disk undivided, at least without visible suture lines; it is 
short, three times w-ider than high, saucer-shaped — the upper side 
but little wider than the bottom part, with very obtuse upper angles. 

Eadials 1x5, diflfering somewhat in width, — wider at the top, — 
quadrangular in outline, but actually pentangular; axillary, with 
vei7 obtuse upper angles, the sloping sides slightly excavated and 
supporting the free arms. 

Arms two from each ray, simple throughout, unequal in size, — 
some of them one-half thicker than others — not tapering ; nearly as 
thick at the distal end as at the base. The arms are constructed 



342 PALAEONTOLOGY OF ILLINOIS. 

of from eight to ten simple j6ints, the first joint one-half higher 
than wide, and differing from the others by being flattened at the 
dorsal side, all succeeding ones rounded at the outer side, with 
slightly expanded ends ; upper and lower sides almost parallel. The 
length of the joints is somewhat irregular, varying from three to 
four times their width, but in proportion to the width of the arm; 
ventral groove wide and deep. No pinnules have been observed, and 
the construction of the vault is unknown. 

Column circular very strong at the basal disk, but tapering so 
rapidly in its course downward that at about one-fourth of an inch 
it is reduced to less than one-third its greatest width, whence it re- 
mains stationary as far as it is preserved in the specimen. The 
segments of the upper or conical part are short, sharply edged, and 
of the same height, but as soon as the column attains its ordinary 
size, the joints become abruptly higher, more cylindrical, and thicker 
and thinner joints alternate in the usual way. Central perforation 
small. 

The specific name is given in honor of P. Herbert Carpenter, 
Assistant Master at Eaton College, England, one of the founders of 
the genus AlUigecrinus.* 

Geological position, etc: From the Chester or Kaskaskia limestone, 
Mdnroe county, Illinois. 

Illinois State collection. 

♦The genus was proposed by P. Herb. Carpenter and Dr. R. Etheridge. jun., for a 
small species from the Car)>oniferou8 of Scotland. (Annuls and Magazine Nat Hist, 
April 1881, p. 281. 
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Genl-b ACROCRimjS,Y«i>'iell. 
AcBocRiNce WoRTHENi, WachstQutb. 

n.XXX, FiK.13. 
irthmii, Waohhmuth. Februnry, ISKI. 
of the Illinois SUito Museum or XaturAl Hiatorr. i>. 40. 
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Dlnsrnm llliiittratlnff tlic Btruciiiri^ uF Ibu Konua Aor&i'' tnuii. 
'I'bia species is described from a siugk' spocimen, of wliicl) only 
the calyx is preserved ; the vftult, tbo arms and tbc columns are bo 
ftir unknown. Tlie calyx, bowe\'er, is iu excellent pri'scrvation, and, 
iiotwitbdtandini; its small size, exposes plainly evury plate. The 
form is calyciilate, broadly truncate at the buttom, abruptly bending 
upward toward the base of the lirst radial^, whence it gradually 
decreases in width to the arms. Its Ien>:th is lU.lOU <>[ an inch, 
its groates width i'2.100, the widtli at the arm bases yi.lIM). The 
plates are plain, without ornamentatiou, but sulhciently convex to 
point out the Butures. 
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The genius Acrocrinm departs from most Palseocrinoidea in two 
important points. The plates of the calyx, which in all species 
with a large number of plates decrease in size from the basals to 
the top of the calyx, in Acrorrinus decidedly increase in the same 
direction. Another striking departure is that the radials are not 
connected with the basals, and partly not even among each other, 
but are separated by several rings of plates, which in their position 
are partly radial, partly interradial, and which have apparently no 
representation in other genera of the Pala*ocrinoidea> 

The specimen under consideration is composed of 86 plates, some 
of them extremely minute. There are two comparatively large basals, 
equal in size, the suture passing from the anterior to the posterior 
side, which together form a concavity within the truncate part of 
the calyx. The basal disk is surrounded by a ring of twelve very 
small triangular pieces, and these in turn are succeeded by a second 
series of seven plates each, arranged like the former, occupjing the 
azygous side, and are separated, in place by radials, by a row of 
four hexagonal special anal plates, which, with the exception that 
the upper side of the upper plate is not excavated, have exactly the 
form and size of the four radial plates at the anterior ray. This 
ray has exceptionally four radials, hexagonal like the anals, which, 
with their truncate side, are connected among each other, and with 
the heptagonal piece of the second ring heretofore described. The 
four lateral rays not only consist of but three plates, but these 
radials have also a very different form, and are partly disconnected. 
The first is hexagonal, with upper and lower sides angular, the 
second pentangular, angular below. Only in a single ray of the 
specimen do the angles of the two plates touch each other; in the 
four others they are separated by plates from different interradial 
areas, which join here, there suture forming a line between the 
angles of the two radials. The first and second radials are all 
connected by a truncate side. The third radials are one-half wider 
than high, hexagonal, contrary to the first and second, which are a 
little higher. 



■f They may have In some (genera a representation in the vault, in whieh to some ex- 
tent the phites of the caixy are repeate<l. Here the r<'prert<»ntativeR of tho basalR and 
radials are fre(iu'-ntly fieparated by one or more riii^s of Intercalated pieces. Theffe 
vauli plu(M*s Inereas*' in numher by aifo. and are often entirely absent in yonnu: specimen!* 
or in small spctries of tlie cenus. beinjchere ("vidently a prodiiet of prowth. In Acrorrinvs 
one of x\w. latest e»)iera or the I*alav>erlnoidea, tho intorealatod plates in the calyx may 
liavo a similar origin, but are here evidently not more individual growth, but have become 
a Ilxed character. 
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The interradials of the four lateral rays, toward the anterior side, 
consist of seven plates in four series, *2, 2, 2, 1 ; at the anterior side 
of only six pieces, 2, 1, 2, 1. The plates of the first series rest 
with their lower sloping sides agninst two of the intercalated pieces — 
those composing the second ring around the basals ; they are placed 
with their lateral side against the sides of their fellows of the ad- 
joining interradial area, except toward the anterior and posterior 
side, where they abut, at the former against the first radial, at the 
latter against one of the special anal plates. The plates of the 
succeeding series rest with their outer sides within the angle ])e- 
tween two radials, with the other side against the adjoining inter- 
radials. The plates of the interradial areas are either hexagonal or 
pentagonal, and their increase in size in an upward direction is 
even greater in that same direction among the radials, the upper 
one bring fully three times larger than the two interradials of the 
first series. The same is true with regard to the azygous side. 

The anal side is very widt', and is composed of a median row of 
four hexagonal pieces, longitudinally arranged, and of a series of 
seven plates at each side of it. The latter are arranged like the 
seven plates of the two interradial areas adjoining the anterior ray, 
and as the radials of that side, as already stated, are arranged and 
constructed like the special anal plates, the anterior side, with its 
two interradial series, is almost a perfect counterpart of the anal 
area. The uppermost anal plate is hexagonal or, ])erliaps, octagonal, 
its upper side truncate ; its size is equal to, if not larger than, that 
of the first radials. 

AcrocrinuH ]Vortheni differs from the two previously described si)eciea 
of this genus most conspicuously in the form of the basal ])lates. 
The construction of the other plates is so imperfectly known that a 
comparison of other parts is impossible. There is also a great dif- 
ference in the form of the bodv. 

The specific name is given in honor of Prof. A. H. Worthen, the 
able director of the Illinois geological survey. 

Geolofjlcal position mid locnUtif: From the Coal Measures of Peoria 
county. 111. 

The type is in the Illinois State collection. 
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ON A NEW GENUS AND SPECIES 



OF 



BLASTOIDS, 

WITH OBSERVATIONS UPON 

THE STRUCTURE OF THE BASAL PLATES IN CODASTER 

AND PENTREMITES. 



Among some interesting new Blastoids, lately sent to me for in- 
vestigation by Rev. W. H. Barris, of Davenport, Iowa, collected by 
him in Northern Michigan, I found one type, which seemed to me 
of unusual interest as representing a form intermediate between 
Coduster. McCoy, and the new genus Phienoscliisma, Ether, and Carp. 
At my request, Mr. Barris not only kindly permitted me to describe 
the species, but he very liberally furnished me a number of speci- 
mens, which he allowed to be cut for sections. Before giving the 
description of the form, I wish to make a few remarks upon the 
terminology employed in this and the succeeding paper by Mr. Barris. 

Since the appearance of Prof. F. Roemer's classical work upon 
the Blastoidea, his terms, with slight variations, were used, both in 
this country and in Europe, by all the leading palsBontologists. 
Roemer's terms are no doubt appropriate, but they have the great 
disadvantage of giving new names to certain parts which in allied 
groups had previously received a proper designation. All parts that 
are founded upon identity of plan, or which are analogous in their 
functions, should always be called by the same name. Special 
terms, unnecessarily introduced, lead to the impression that the 
differences among the groups are greater than they really are, and 
they form a serious obstacle to an easy perusal of the works of dif- 
ferent writers. 
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Messrs. Etheridge and Carpenter have lately published through 
the Ann. and Mag. Nat. Hist,, April, 1882, an interesting paper, 
"On certain points in the Morphology of the Blastoidea, with descrip- 
tions of some new Genera and Species," in which they explain the 
terms which they propose to use in their writings. Their terms are 
in conformity with those now in use for the Crinoids and other 
Echinoderms, and it would be of great advantage to science if they 
were universally adopted by future writers upon Blastoids. In order 
to give this terminology a wider circulation, and for the better com- 
prehension of the succeeding descriptions, I give here an abstract 
of their principal terms. 

The "caly.r,'' according to Etheridge and Carpenter, is composed 
of the "'hasaW the ''radiaW or forked pieces, and the '*oraW or 
deltoid pieces. The suture between basals and radials is the ''hasi- 
radial suture ;" the more or less strongly marked ridge at the median 
line of each oral is the **oral ridge.'' In the forked-shaped radials, 
the handle of the fork is the ''hxly' of the radial, the two prongs 
are the *'llmhs;'' between the limbs is the ^'ratlial sinus,'' which is 
occupied by the ''ambulacrum.'' Of the ambulacral structures, which 
together till up the radial sinus to a greater or less extent, the most 
important is the ''Iniiret'pieci'," which is excavated lengthwise by the 
*'ff}Oil'(jroove or amhulacrum proper" Upon or against it rest the 
**sidc-jdateSy" pore-pieces of lloemer; they are marked by minute 
pits, the ''pinnule pits or sockets," which must not be confounded 
with the marginal pores or "hydrosjf ire-pores" The supplementary 
pore-pieces of Roemer are the "outer side plates" Beneath the am- 
bulacral fields are the ''interradial systems of lamellar tubes or hydro- 
spires," The openings of these tubes, if directly on the ventra\ 
surface of the calyx as in Codaster, are called the "hydrospire-sUts ;'* 
if they are concentrated beneath the ambulacra as in Orophocrinus,* 
the gap between the edge of the lancet-plate and the sides of tbe 
radial sinus is the "hydrospire cleft " This leads downward into the 
*'hydrospire canal " The canals open externally by the ^'spiracles," 
formerly trailed ovarian openings. The spiracle or spiracles of the 
anal interradius may be continent with the anal opening to form 
the "anal spiracle " The plates covering the mouth and peristome, and 
which are sometimes continued down the ambulacra covering the food 
grooves, are the "summit plates or the vault " 



*.Mef.k Jiinl W(HCTHEX iti dt'Muiiijr, in ls<>H. iCu'ol. lli»|>. III.. Vol. V. p. \i'y\> tlm K'-nus Cndtm* 
ilt's, w<;rc cviiU'iitly not awan.' th.it \'ou Sfi'burli h;ul prn|Hisi*d. in Inu. (\a«'lir. K- 
(.ir^MOJIooh. /.ii (routtin^un. p. Iiu.i fur I'untrfinit :< s!t {lifnrinis Dwcn aiul Shum tho tf<*nurt 
Uraphmrnius. Tiiu liiUor iius »lneo buon iiduptud by Ludwit;. /ittel luid by l-itherid(;u luid 
Carpuntur. 
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They further use the term ''oro-anal aide'^ for the upper truncate 
regions of the body, anil they include herein the ambulacra. 

It lias been asserted by Mr. Lyon (Owen's Kentucky Rep. Vol. Ill, 
p. -IGH), that in the genera Codaster and Pentrcmites the plates, gen- 
erally known as basals, consisted of two successive series of pieces, 
and upon this ground he proposed a new formula for the two genera. 
Only to the **lower series" of plates he applied the term basals, the 
"upper series'* he called iirst radials. He explains the deficiency 
from five to three in the number of the latter plates, and the irregu- 
larity which he found in their form and position, compared with 
other radials, that the two equal hexagonal pieces were perfect 
plates, and the third smaller pentagonal one, imperfect. According 
to his theory, there were no first radials in two of the rays, and the 
rays commenced with a second radial. This curious inter].)retation 
of the plates, as might be expected, found no followers, but his view 
that in some of the Blastoids the plates formerly called basals were 
composed of two series of three pieces each, was afterwards accepted 
by Billings (Amer. Journ. Sci. and Arts, July, 18(19), and also by 
Meek and Worthen (Geol. Kep. 111., Vol. V, p. 464). The former 
regarded the **lower pieces* as basals, the '*upper ones'' as sub- 
radials ; while Meek and Worthen in redescribing Orophocrinus 
(Codonites) steUiforwh, 0. and Shum., distinguished the two series 
as basals and supplemental*}' basals, the latter to be applied to the 
''lower series." They objected to the name subradials from the fact 
that the plates do not alternate with each other. In the course of 
their remarks they made the peculiar statement, that the lower 
series or supplementary' basals ''werv in adult specbnais of Codonites 
stelli/ormis as solid as we find them in rentremites, yonmj Individuah, 
koiccvcr, shtHC clearly that they arc actually composed of five or six of 
the upper joints of the column, enlaryed and anchylosed toyether" 
Meek and Worthen undertook to prove this by a moderately small 
specimen, in which live or six joints of the column were preserved, 
and in the same direction divided longitudinally into three sections. 
It should be stated that the specimen, which was formerly in my 
collection — now in the Museum of Comparative Zoology at Cam- 
bridge — is not much below medium size, and, therefore, can not by 
any means be called a very young specimen. The column, as far 
as preserved, consists as in most Blastoids of remarkably short 
joints with sharp edges, and the joints are separated by rather deep 
notches ; the longitudinal sutures are not shown distinctly, but prob- 
ably do exist in the specimen. 
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If it were true, as Meek and Worthen asserted, that in ^'Calon- 
ites'' the live or six upper joints became anehylosed in more adult 
8i)eeimen8, and were transformed into solid plates, it is very singu- 
lar that no transition forms have ever been found in this or any 
other allied species. I think a metamorphosis like this would have 
undoubtedly left traces of the columnar joints in the growing 
animal, especially since the modification, as we may safely suggest, 
must have taken place gradually, and joint by joint; but although 
I have examined more than lifty specimens of this species, I could 
not find the remotest traces of former stem joints, or of a suture; 
all that I have been able to discover is a slight angular depression 
around the lower end of the cup. This depression, which has some- 
what the appearance of a suture, is caused simply by the more rapid 
spreading of the upper portions of the basals. Such at least is the 
case in some species of Codonites, Cadaster and Troostocrinna, in 
which the base appears as if it might be bicyclic, but actually is 
monocyclic, and in which the lower part is almost cylindrical, and 
resembles an elongate columnar joint, while the upx)er part is 
conical. 

It seems to me that this upward spreading of the basals can be 
naturally explained by the growth of the animal. The form gener- 
ally throughout the Blastoids is in a young spe;*imen more elongate 
than in the adult, and after attaining a certain growth, the calyx 
increases in height comparatively little, while the ambulacra still 
grow considerably longer. This disproportion in the growth of the 
different parts is equalized by the increase of the body in width, by 
which the ambulacra attain a greater curvature, pushing the basals 
and partly the radials, from a fairly sloping position to a more 
horizontal one, as shown in the following species, of which I have 
examined a large number of specimens in all stages of growth. 

In the young Orophocrinus steUiformiH, the ambulacra occupy only 
the upper truncate side of the body, the lower portions are turbinate 
with nearly straight sides ; in viry old specimens, how(;ver, the am- 
bulacra curves so strongly, and reach down so deeply, that the radial 
lips were brought into a horizontal position, almost to the level of 
the basals, and the sides of tin; body became concave, thereby push- 
ing the upper portions of the radials in a more outward direction. 

SchlzohbiatuH (GramUocrinus) mela 0. & Slium. is, in its younger 
stages, elongate-ovate, in medium sized specimens subglobose to glo- 
bose, and in large specimens depressed globose. The same modili- 
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catioiiii, but perhapti not ixnite so marked, tako place in Gntnnt'icri- 
nm Noiu-wdi 0, & Kliuiu., and in SehhohUmttiH (GraiiatocrinHs') Suj/i 
Slmm. 

I'fiilremilex Goilimi De FraiTie, in its earlier stafies, is pyriform, 
an<l rtsi.'tnl)les I*. piirifurmiH Say, later on it i^ glol)oso. Tlje lower 
portiiins, from the liasalH to the rndial lip^, are hroadly turbinate 
and (Ict-idedly longer than the summit portionii. Afterwards they 
beoonie iilnio^t horizontal, and oci'iipy, in large specimens, uioi'C 
than tbree-fomths the heiifht of the body, at a time whuu the am- 
bulacra, which at first weru scarcely longir than wide, attain a length 
of more than three times their greatest width. 

The modifications whit^h here take place in the basals and radials 
are mainly produced by the hicrease in the length of the ambulacra. 
These plates, and particularly the basals, had acipiired already at 
an early ajje a comparatively hirye size ; later on the body of the 
radials hiereased much less in length than in width, as shown by 
the lines of growth, which are sometimes exposed. The basals. how- 
ever, which had attained almu.sl their full height, ami now liad to 
accommodate themselves to tln' increasing width of the radials, bend 
outward, producing thereby the angularity at the outer side of the 
ra<lial cup, by leaving the lowc-r thickened portions, which were less 
pliable, in their former position. This explains fully the case as we 
tind it in Cndonhi-s, (''Hlnuhr, etc., in Ftiitn-mitrs, however, under 
similar conditions additional moditicatious have taken place. 

Restricting the genus }'i-iilreiii'itcn to species with large petaloid 
ambulacra, most of them have at the lower end. at the junction with 
the column, a little projection in form of a cone, which is almost as 
prominent in small specimens as in the larger ones. This cone con- 
stitutes the lower part of what appears to bo a tri-partite plate, in 
form of a clover leaf, occupying the central portion of the basal 
disc, into which it extends for some distance, following its curva- 
ture. It is frequently somewhat elevated above the general surface 
of the basals, and can be observed in most if^pecimeiis with the 
naked i-yi;. The sutures which separate the basals by their shorter 
sides hi the usual way, divide the lower leavi-s lengthwise. From 
external appearance, one feels very much inclined to take the inner 
part of the basals to be an hidipendt-nt .series of plates, but on 
grii'ding the surface there is no intermediate suture. In one of my 
specimens, which 1 fake to be au extremely large specimen of Pea- 
tmiiiti-s fjo'limi, I find within the clover-k-af another leaf-like struc- 
ture, but of less width, and k^ueath it eight joints of the column, 
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divided longitudinally in the same direction as the basals. The inner 
leaf is at its border as distinctly marked as the outer one; it extends 
not far beyond the column, but is considerably wider, and very much 
higher than the stem joints, which are so extremely short that there 
are eight joints to a length of half a line. The strurture is such 
that there can be but little doubt that the inner leaf, although dif- 
fering considerably in its dimensions from the succeeding stcm- 
johits, is actually nothing else but the proximal joint, which had 
become enlarged and gradually anchylosinl with the basals. It is 
(juite evident that the outer clover-leaf had a similar origin. At 
the outer leaf the sides of the anchylosed joint were more extended, 
and became almost entirely absorbed into the basal plates, leaving 
only external marks, while at the inner ones the cokimn structure 
can yet be recognized, although the joint has here actually become 
a part of the basal plates. This is the only specimen in which I 
have observed a second series of i)late-like marks, and I do not know 
whether this instance represents an abnormal case or is owing to 
the extreme size of the specimen : at any rate it gives an explana- 
tion how similar marks were ])roduced. 

In corroboration of these views I will further direct attention to 
Poitreinites ahhrcruifus, Hambach, a very depressed species, in 
which the basals, even in young specimens, have an almost 
horizontal position, and in which as might be expected, there is 
no conical projection at the end of the basals. In this speci- 
men, the leaf-like marks are very large and conspicuous, they 
form a somewhat triangular, clover-lejif shaped disc, with rounded 
extremities directed to the Imsal sutures. The sutures are always 
slightly depressed, and the parts covering these depressicms, 
stand out so prominent, that it appears almost as if in this 
case, exceptionally, the anchylosis had not been completed, and 
in fact I found two specimens in which the upper structure appa- 
rently had partly fallen out, leaving in its place, at the surface 
of the basal plates, a clover-leaf-like impression. The place to 
which the column was attached is generally well marked, and in 
one specimen I found remains of the proximal segment which is 
exceedingly thin and delicate, and like the anchylosed joint trian- 
gular in form, but the points of the angles directed toward the 
sides of the upper one. 

1 think this fully sufficient to prove that the so-called supple- 
mentary basals in Peutrcmitcs consist of a columnar joint, anchyl- 
osed with the basals and more or less completely absorbed into the 
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plate, and that the basals in the Blastoids generally were mono- 
cyclic and not hicyclic. This seems to be also the opinion of Eth- 
eridge and Carpenter, although they state distinctly that they wish 
to leave the question for further consideration. 



Heterosciiisma, Wachsmuth, Nov. gen. 

The form under consideration is closely allied to Ctxiaster, and 
approaches Pluenoschistmi, Ether, and Carp. The latter, according to 
Etheridge and Carpenter, differs from Cadaster in the following 
points: **In the partial exposure of the hydrospire slits, and in 
their presence in the anal interradius, as well as in the four others. 
Plueiwsrinsma in consequence possesses ten groups of hydrospires, 
whilst Codaah'r has only eight. Further the former genus has rela- 
tively smaller orals than the latter, and it may possess outer side- 
plates to the ambulacra.'* (^Ann. and Mag. Xat. Hist., April, 1882, 
p. 227.) 

Heterosrhlsma stands intermediate between the two forms, it agrees 
in the above characters with PlufWischhma except that it has but 
eight groups of hydrospires in place of ten. 

Admitting that the difference in the number of hydrospiral groups 
alone is sufficient for a separation from CinhtHter, the intermediate 
form must be placed either together with that genus, or be arranged 
under a new name. I follow the latter course, as I consider the 
structural differences in the oral plates as important as the numer- 
ical difference in the hydrospires, the more as they involve other 
important structural complications. In the typical form of Codaster, 
including the more Hat-topped species with small orals, the latter 
plates cover almost the whole of the truncate upper face of the 
body, resthig with their lateral sides against the intlected upper 
part of the limbs. The oral ridges consist of more or less strongly 
marked edges or elevated ridges, which occupy nearly the full width 
of the boily. To both sides of the ridges are placed the hydro- 
spires, all located within the limits of the oral plates, only small 
portions of them being continued along the sides of the limbs. In 
the more clavate form with small orals, for which I propose the 
name Ifcicwschisnia, the orals are partly only exposed to view; the 
visible part occupies a small si)nce around the mouth; the con- 
cealed portions, which underneath give origin to the two inner 
hydrospires, are overlapped by the ends of two contiguous limbs. 
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There is in HeteroschiHma in the proper sonse of the word, exteriorly 
no oral ridge; the part representing it, is concealed from view by 
the overlapping limbs. The limbs are formed interradially into 
high pyramids with steep sides, of which two of the lateral-walls 
form the sides of the radial sinus. The pyramids enclose all but 
the two inner hydrospires, and are, with the exception of these, 
exposed along the sides of the sinus, but neither their slits nor 
their folds connect externally with the oral plates. The pyramids 
produce also important modilications in the form and position of 
the hydrospires; in CmJustcr these organs enter the body nearly at 
right-angles, and the walls are placed almost parallel to each other; 
in Ili'ttronchisma the hydrospires stand obliquely to the sides of the 
sums, and are much wider at the outer side than at the inner. 
()(mtrary to the adjoining folds which connect with the slits, these 
increase in width at the inner end. The hydros))ires of JlttcrO' 
schiwKi are arranged closely around the mouth, while those of 
('nihtstrr are placed away from the mouth. The differences between 
these two genera and the aUied Phwiutschisma are well seen in the 
accompanynig table : 
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Jlrternsrhiiiint in«'ludes the following species : Ilrtcrnafhisnm (frttnlv, 
the tyiie of the genus; Jldvroarlunmii (tlfrntatnm, tuul II, altcnitUum, 
var. vJtiit'jntun}, WachsmulhJ all from the lower part of the Ham- 
ilton group, Devonian. 



iJM'. Knapp. «»f lii'iiif^Nillf. Ky.. lui-l th«» kinilii«*«->^ to si-n*! iii«' fur cxaininati'ii) ami 
sfmly. Iii- laiir«' «'«'ll<.'«*li««n «»f l.«Miis\ ill>- ('jmIu-Iit'*. <.'oij>i-*fliij; ..f ru-at Iv M siu-i-ini'-ii'' in all 

s;ni:i"'< iif trmwth. ati'l i»niJ>ra«Miit: al N'a-t Two wi>ll-inai'k<*<l .-i if>. Lymi. i'l ilt'^iTibiii;; 

hi-s ('u'/'itft ■' a'fii'iml'is M»\0'n'> lii-MJ. H.«p. Vol. III., p. 4'.»;:i. Mvlilt'iilU l<fK all I.«uiix\i \t- 
J'.la''t«'i'ls ci.iiitaininL: hyilrn>pirn slits to ln>|«iinr lo i-nly nin.' spi-fj.-*.. ainl tlii< m.ik«'< it 
iliHi'Mill !•> a -.•.»»• i-f a in nnw To \vlii«-li "'f tliu t\v«» fornix tlw naiii" •-liiiiilil In- uppii- -I. His 
jiiMnTi'* limir*'. "i: IM. v.. Kii;. .'{. r«'p»«'s<*riis iiinlnuhiiMlly tin* fnmi wliii-h .•.•li»'»v. jin!*^ \va«^ 
ilr>i'rilt»'.| l»y Sliuinapl a** Cnilo.sfry jtyrnmhimiis .:Afa«l. Si-i.. Si. Lmns. Vul. J.. Nu. I'l, 
Ly«>n'- iliTurr :! '» trivfs a small si«i«i-lm«'ii i»f tin' sam»' -piM-ji-.x; hi.-' U^uvf H n, h«i\\rv»T, is 
tiMt niily JIM I'utinly •lin«'imt. *ipii"i'"^. I»iif ;i /ft 'rmsi fii>n>ii. Ii miixlit api iMf thar tin* 
foriii r«*pi''"*'''»t«'«l I'y thf llr-it. M;;iir«' slmuM ry<'i-ivr Ja-miTs naim-, Imt this \v«iii!ij iln imus- 
liirt" t«» Sliiimanl, tin- im»ri'as l.yoti's iies»Tipilon.-« an' Iltti-il Pir m-ji!nT tin* ■•i..- fi.riii iitir 
tiit'otlwr. It nnir't. bo further «Miiisi»ifMi.'«l that th»' laii«T f'>rm. wliii-li iikr* //».'# ■mm/.j.s/mh 
'jiii(.'i'r, ha** small oral.s ovrriappi'il liy tin.' limbs, ami lart,'-' pyraiiii«U Ih'Iwim'u tin- aiulm- 
— '''I 
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Heteuosciiisma gracile, Wiichsiuuth, Nov. Sp. 
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Jlrtrrttsrftisnia graviU\ Wachsmuth. 

FiK. I, sitJo viewof a sinM-init-n. FiK-2. horizontal .Hi'ction of the hydrospiroB. The 
(Irst fltruro ciilarKod three dianietors. the uther live. 

Body Bubclavate or irregularly pyriform, pointed at the base, 
deeply excavated in the direction of the rays. From the foot of the 
basals to the radial sinus the form is elongate-obeonical, the sides 
at the outer surface being straight or nearly so. The radials are 
arched, with an angularity along the median line, which culminates 
in the lips, but almost disappears on approaching the basi-radial 
suture. Intermediate between the ambulacra there are five pyra- 
mids, formed by the junction of the adjacent limbs of two contigu- 
ous radials, without the assistance of oral plates. Four of them 
are sharply pointed, projecting conspicuously above the level of the 
summit; the tifth, the one containing the anal orifice, is a little 
lower and truncate. Ambulacra, placed at the bottom of a deep 
sinus; curving gently in an upward direction. The greatest width 




iiMiii.il> \\i\y> i> |in<iiiini> ri'(iri:'««-ijii*u ■>> r ik* •■"• <>>>** niiu'ii ^tiii iit? Kiiuwii as iifffrns- 
rliiKniii n'tcriHtiniii. Th«' laiv*'" tyi>", whioh p«»s-ilily may n-pri'smt a wore a<liilt form of 
th»* othiT. I'lit mop' rM'oliaMv is a (t«>im1 variety or ev«Mi an entirely di**tiin't Ppecies, oaui be 
<H»4tiht;in'^h«""l a.-^ Ilt'ttrnsrhisnni ti'tfrnntntu Mir. *'limu'ff'iin. w'h'urh may he chaiitr<>d into 
//. r'nmjntiiin should I in* ahovi* i.*hara«'ters hi; eonsl<Iered hUllh'ient forsinviflodistlnr'tiun. 
Shumard's sim^mi'^ is ra>.||y p*('«'Kni/.«*«| by hi.dn^r mufh niore llat-tuppi^d, that It has lurtro 
orals, and th«'s«> H>*nltin»; against ih*' diMlected uppt'r ends of tht^ limbs, amd that the 
rii'h'al«< »:oni'rally po.--*ess alon^' tho hit«'ral sutures. n<*ar th** niartrin. one or more rather 
ih'ep. liiiiirit'idinal i:r'»oves. I,yt>n. in as-4iMtinu that the hydrospiral trrooves were "pn^b- 
ahly •■aiiabl<- •»{ bfintr ••finuM'«'s.s«'d ''•r inipnsse*!." maih* tho mistake of takiiic Hpeefninns 
I'f i'mbistfi' /tyi'nnn'/nf 'S a?* tin' rompp's^yd, ami tliosi* of //t't'rin<cfi.is)na aftrmatum hm 
tin* impn'ss.Ml ■••■iiidifi"n --f liis *«p«M'i»*.-. It shouM bo furtlier remarked that none of the 
l.oui.svill"' >ipiM'imens, upon whioh Lyou based hi^f bioyvlic base la Cudu6ter, bhow ttuy 



.•^ueh slrueiure. 



INVERTEBRATES. 365 

of the body is across the lips, where the section is strictly pentagonal, 
while across the basals it is obscurely triangular. Average length 
and width, as taken from eleven specimens, as eight to live, actual 
length from three to six-tenths of an inch. The surface of the test 
is perfectly smooth, without ornamentation. 

Basals long, in form of an elongate cup ; column-like, extended at 
the lower end; upper face somewhat excavated for the reception of 
the radials, with an obtuse angle l)eneath their juncture. 

Radials moderately increasing in width to the sinus. The length 
of the radial body equal to or surpassing its greatest lun^'th, 
and equal to the length of the basals. The limbs occcupy 
less than one-third the entire length of the plate, they are 
slightly bent inward, those of two contiguous radials forming a tri- 
angle, of which the horizontal side (between the lips of the adjoining 
radials), is but little longer than the two lateral sides. At the anal 
interadius. the upper angle is truncated by the anal aperture, and 
the outer side of the pyramid is more sloping. Sinus short, and 
remarkably deep. 

The oral plates are small, and are only partly exposed to view, 
one half or more of each one being hidden beneath the radials. The 
exposed part, which consists of barely more than what might be 
called the lips of the mouth, is slightly projecting along the margin ; 
it is in form rhomboidal, l)ut the angle toward the radials is cov- 
ered by the tips of the overlapping limbs. The concealed portions 
are at the four lateral interradii placed beneath the large pyramids 
which have been described ; they are longer than wide, and their 
distal end is somewhat extended outward and downward. The me- 
dian portion of the plate is provided longitudinally with a canal, 
which from its position may have connected the hydropires with 
the outer vascular ring. The description of the oral plates is made 
principally from a specimen, in which the greatest part of the ra- 
dial liml)S had weathered away, thereliy exposing the parts below. 
As seen in this specimen, the lateral sides of the concealed oral 
plates give off the two inner hydrospires for each group, the Ih'st of 
which, at several places, is preserved to its full length; the second, 
however, is recognized only by a stump, and there is a notch for 
the intermediate slit. The oral plate of the anal interradius is C(m- 
structed near the mouth somewhat different from the orals of the 
four regular sides ; the parts which there are covered by the limbs, and 
form the oral ridges, take here a more inward direction, an<l com- 
pose the sides and inner floor of a little cavity, which forms the 
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entrance to the anal apertnre. The opening into this cavity is large, 
somewhat broadly suhtriangular, and there is a passage in a down- 
ward courrio, which t-nters the inner body at the end of the oral 
plate. 

The ambulacra are alrao.st linear, rounded at the distal end : they 
rest deeply bctwx'en the steep sides, the side-plates meeting the 
sides of the .^iinus but are rarely touching them. The ambulacra 
connect with the body through the lower side of the lancet-piece, 
close to its middle hue. The surface of the ambulacra is divided 
by the food groove only, there being no other indented lines toward 
the sides, such as seen in the Louisville species. The lancet piece 
is entirely covered by the side pieces, it is lanceolate, and rests 
with its proximal end, which is angular, lictween — and partly upon 
— adjoining oral plates. TIic number of side pieces varies from 16 
to each side in the smallest specimens to 'I'l or '28 in the largest 
ones, each one with a socket, probably for the reception of a pin- 
nule. There are also outer-side pieces l)ut no hydrospire pores. 
The oral aperture is pentagonal and comparatively large. 

The hydrospires are arranged in eight groups, of from 8 to to 
each set, and there are as many slits abmg the sloping sides of the 
radial sinus. The two inner slits which are longer than any of the 
rest, are concealed from view by the overhanging sides of the lan- 
cet-piece. The succeeding ones are visible externally and decrease 
in length with the decreasing width of the sides of the sinus. Not 
all, however, decrease in that proportion, this is only the case with 
the four or live outer ones, of which the outermost is but little 
longer tlian wide ; the preceding three, from the fourth inward, are 
nearly of etjual length. It shouhl also be remarked that the slits 
have an irregular outline even in the best preserved specimens, and it 
appears as if there had been i)ores in place of the slits. Each 
slit opens into a sac. This, however, is so narrow, that the walls 
ahnost touch each other, except at the lower end, where it attains 
almost the width of the jilternatiug folds of the hydrosj)ires. There 
is a great ditference in the depth of the sacs; the two inner ones 
extend hito the body for a comparatively short distance, all suc- 
ceciling ones increase their depth in the same proportion as they 
gnnv ^horter u]>(»n the surface of the body. 

Iinit(irJ,H: Ilttrrnschtamn ijriwUt' is in its form and general habits al- 
most identical with PJni'iiosrhisma VrnuulUi Eth. and Carp, but it 
has eight groups of hydrospires and not ten. It dill'ers from both 
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Heteroschisma alternatum and II. elonffatumy but the summit of the 
pyramids extends considerably above the crests of the oral plates, 
while in the two others the summit scarcely reaches the level of 
the peristome; it also has narrower, almost linear ambula<'ra, 
against slip:htly petaloid ones in the others, and these are divided 
by the food groove only, wiiile the Louisville species have three in- 
dented lines along their surface. It further differs from 77. alter- 
natum in having straight, and not convex sides along the calyx, 
and a conical, more sharply pointed basal cup. 

It is barely possible that Pvntremites suhtrunratus, Hall (Geol. Rep. 
Iowa, Vol. T, rt. II, p. ISj), is identical with this species. A com- 
parison is impossible as Hall's description is so indistinct, that not 
even the genus can be identified. He refers it to forms like Pen- 
tremltcs llheinwanlti, and mentions "ovarian openings," which if 
present suggest a very different thing. Should, however, hereafter, 
tlie identity be proved, the name must be placed as a synonym under 
Hi to roach mma // ra c i Ic . 

rositiun and lundity, etc. : Found near the top of the Hamilton 
group, Alpena, ^^Fich. 

(The type sx)eciuienH are in ilie collections of Prof. J^arris, and 
Charles Wachsmuth.) 



Il^••^.•ripti^)tJ oi "-onin now lJI;ist"iiI>* fn»m ih«.' Ujiiiiiltnn (Jnuip. by W. IT. I)ai:ui>4. 

El.k AcuiNus, 1 loemer. * 

S^ N. PtJiitirmitMs Tp-ust, HI I. »Uli ll'«i». (Jr^i-l. Tonnes'ij'o, 

Nni'|iM>iTimi> t'onrjul. 1M:». J«'ur. A«';i«l. N'jit. Soi. Pliilji. V«»l. VIII. p. 2s«i. 

()li\ani1«'> Tr<«nst, Ista), Cat. nninn. 

Kl.i'a«'riiiu'^ ItMonuT, ISTjI. M«.»iioi:. r>ia>(tni<1oa. p. •">. 

()livani1«'*« Lyon, l^riT. (h-oI. Siir.K'Mit, Vi)l. III. p. m, 

Niiclfoi'iinus I.yttii ami C'as'i. l\vi; Hall, Isii2: Shiiinanl. l>a;2. 

r.l:pa«TJnusS!iimian!, 1»mU». Tr.ms. St. L. Ai-atl. S.-i.. p. rjiW. 

Nuf!i'o<M*inn>. Cana-l'-n-JiMV Mont^'onnTv. is^I; Can. Nat. Vol. X. No. L*. 



*At i1h' «ui:;,'»'«<tii>n of .Hr. (.'Iiarb's W.i«'li-iiniitl>. a!ul in •onforniity witli tin* \if\vs of flu* 
lal«* l»r. Slninianl 'Cat. l'alai-<>x.. l-'i •«-.. in tip* Trans. Si. L. Ai-aii. Sri., l^i;. p. isim. I 
i^iv II<'«."in».'r's latiT naai" I'l-iii' rin'is pn*f»'rMn«'«' ov«.'r S'lfliuti-mns. ('onr.i«l. ('«»nra«rs 

• •iitiri- «l">«'npTiiij i- ;i.-j fiill«)\vs: '\\iir.'iniriiin}i ('nnra'l. Tin* tri'iiM-^ *lilT«'r-' from /'• iifri-- 
i,>ttt.<. Say. in 'tavinfc; only on»' p»'rf«'rati«'n. whii-h in iviitral. "Iri tills «lf*:«'rl|'li- -n. tli«' only 

• lir-nn;;iii«ihiritr i'liara«-ti*r !•- •■rp>ii»'nii'. t|io a'MMinipanvini; llirur*' pour aii«l ii!<Mirn-i't. ainl 
H.ili'> "■\''»'l!«'nt •l'.'-.'rif»tjons of Snr't i,iritin,< wvn' pul>lir<li>><l t«'n vi-ar" laf«T than tlio*.i. nf 
i'la'-a'Tinii**. llo»».nnT. in proi>i»>*inir tin' lattf r nain«'. »rav«» a ii**iu\ «!f|lnitinn nf tli«« ^•■nus. 
Il«- IimithI tlio ft'ntral apt-rtun* wlii'.'h CiMir.-nl hail pronoijnrf«l "thf nnly p<'rf«triiii«in a* 
til"' top." .•|i»-»«mI la p«M'f»*«'t sp»'''in\«'/is, and siitToun«IIntr It In* illsi-nvcpMl oin- lartr»* an<l ti-n 
.sniJill'T i^ptMiinA^s. 
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EL.r.AcniNus obovatus, Earris., Nov. Sp. 

Body obovate or elongate-baloon shaped, 
more than once and a half as lon^ as wide ; 

- ^ upper half wider than the lower, semiovoid : 

<rreatest width at about two-thirds from the 
l)ase; lower half (:^radually increasing in 
width to the distal end of the ambulacra; 
base truncate with a deep concavity which is 

filled by the column. Cross section pen- 

\^^;.^r:^:i '^f:^^:^^:. tanpnlar, with straight or vm- slightly con- 
MiamiV^s!"^'- ^'"'"'•»''*-"'' *'"' vex sidi-s, cxcopt along the basals, where 
the sides are somewhat concav*', and the section more stellate. 

Basals deeply inil)o<lded within the columnar cavity, the outer 
angles barely reacliin«-r the mar^'in. Badials comparatively small ; 
length twice tlair width at the basi-radial suture, gradually increas- 
ing upward, so that the forks or limbs at their upper side are about 
equal in width to the body of the plate at its lower side. The lat- 
eral sides are somewhat thickened at the upper face of the edge, 
more particularly toward the lower end of the plate, where they 
produce indistinct ridges at the suture lines. The upper side of the 
limbs is gracefully curved in an upward direction, with re-entering 
angles toward thr lateral sutures, and deeper ones toward the radial 
sinuses. From the bottom of the ]date there extends to the radial 
sinus (which in this si)ecies is al)out half way to the top of the 
limbs), a cnnsi>icuous rounded ridge, ending in a vei-y prominent 
lip, and it is this structure mainly which i)roduces the truncaticm 
toward the basal region, which otherwise would not be very percep- 
tible. 

Oral or deltoid pieces large, measuring almost four-fifths the 
length of the body; broad lanceolate. The four regular orals have 
a length equal to twice their greatest width. The fifth, that of the 
posterior side, which in this genus is divided throughout its full 
b-ngth by a large anal plate, occupies, including the latter piece, no 
greater width than the four regular orals, and the two halves are 
narrower at any place than the interposed anal plate. The latter 
is lanceolate, of nearly equal width throughout, slightly tapering at 
the upper end. Its lower side rests on the same surface with the 
other plate, but gradually rises above the general level and at the 
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top is Lighly elevated, standing' out conspicuously over the adjoin- 
ing parts. Even in height it extends beyond the limits of the other 
parts of the body. 

Anal aperture largo, oval in form, horizontal in position. Toward 
the outer side the opening is formed by the wall of the anal plate, 
which at the upper end is bulging outward without being excavated. 
The lateral sides of the aperture are formed by the upper curved 
ends of the oral side-plates, which are coiuiected by two or three 
small anal vault pieces, and these constitute the upper boundary of 
the aperture. 

Ambulacra long, narrow, linear, raised above the general level of 
the body, except close to the oral pole, near which they curve 
abruply toward the oral oi)ening, and the ambulacrum becomes lo- 
cated below the abutting surface. The lancet-piece is deeply grooved 
along the median line, and when the side-pieces (pore-pieces of 
lioemer) are not in place, there is at the suture, along each side of 
the plate, a deep sulcus, penetrated by the hydrospire-pores. This 
sulcus, however, when the side-pieces are in situ is totally lilled, 
and the sides of the ambulacrum rise abruptly above the abutting 
edges. The side-pieces rest against the upper face of the deeply 
crenulated ridges of the lancet-piece. They are strongly wedge- 
shaped and placed obliquely to the ambulacral or food-groove, with 
the smaller angle directed to the ab-oral side. Their number is from 
about sixty to nearly ninety hi very large specimens. The outer 
siile-pieces (supplementary pore-pieces of Jloemer) are comparatively 
large, their longer side being about two-thirds, their shorter sides 
fully one-half of the corresponding sides in the pore-))ioces. 

The summit is a flat disc, somewhat depressed in the middle, 
sub-pentangular in outline, the angles resting against the slightly 
truncated upper part of the oral plates, leaving in the direction of 
each ambulacrum a good sized passage. The central aperture is 
pentangular, rather deeply depressed. 

Spiracles ten, one to each side of the ambulacrum, those of the 
posterior side not in contact with the anal apertun-. They are in 
this species not easily detected, being i)laced laterally within the 
l)n)jecling edges of the orals, which for their reception are at this 
place more prominent, and somewhat excavated. The hydrospires 
are arranged in ten groups, with two in each groui); they are in 
form similar to those of (irnimttnnnnH X(trinnnH, but comparatively 
a little larger. Hydrospire-pores small, and more or le^s hi«lden. 
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Column of medium size, round, composed at the upper end of 
hiiih j'^intr. 

The ornamentation of the rai:lial> consi-^ts of indistinct concentric 
curves r?uh-parallel with the arched upper surface of the phite. 
The ornamentation of the oral plates, as in m^st species of Elr^i- 
rrhoii, is sharply divided hy two longitudinal lines, the median part 
.which in position and somewhat in firm, at the four lateral sides 
of the body, correspoUiLs to the large anal plate "'f the posterior 
side.) is more or less destitute of ornament. The two sides, how- 
ever, are crowded with rows of small granules, arranged so as to 
divide the field into narrow parallel spaces, which are transversely 
arraiic^ed, and of the width of the pore-pieces. 

Ohservi.it Ions, — Kh.earr'inus ohocatus differs from ElfV'V.'rhms [Xurho' 
crinns) *unjnlarh, Lyon, in the greater length of the body, and in 
having straight and not concave sides. It resembles, perhaps, 
closest Khf-nrrimis (Xiwh^nrrhms' lucina Hall, and mav be identical 
with the larger fonn noticed in the same paper, and which Hall consid- 
ered a variety or more adult phase of the abcn'e species. Hall de- 
scribes the latter as more expanded in the upper part of the body, 
with the basr* proi»ortionally narrower, and this agrees with our 
species ; but the body is comparatively longer than in Hall's smaller 
type; while it should, if representinj:: the adult form of the other, 
«accordiug to Wa<'hsmuth ; tee the preceding paper*, on the con- 
trary be wider and not higher. In Kheticrinns liirina the basals are 
almost on a plane with the radials, and the ambulacra t«uich the 
bottom, which is not the case in E, obavatus; in the former the 
lower truncate portions are much wider, and the basals instead of 
being deeply concave, are provided with an elongate node in the 
center. 

The above description was made from ten specimens of all sizes, 
the largest one measuring one inch and three quarters in length, 
the smallest seven eighths of an inch. 

Gifflnifiral jio.<itinn, etc.: Found in the shales of the Hamilton 
group at Buffalo, in limestone of the same age at Iowa City, and 
at the top of the Hamilton group in the Thunder Bay region of 
Northern Michigan. 

The original specimens are in the collection of ilr. Charles Wachs- 
muth and in mv own. 
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El^acrinus meloniformis, Barris, Nov. sp. 

Body small, ovoid, height nearly one-half more than the width; 
greatest width through the median part, or a little above ; curvature 
toward the two poles nearly equal, but the i)ole itself at the abac- 
tinal side abruptly depressed, and the concavity perfectly filled by 
the column. Surface of the ambulacra raised but little above the 
general plane of the body. The plates along the sides of the am- 
bulacra are marked with obscure transverse grooves, bordered at 
each side by a sharp ridge, which forms along the median por- 
tions of the plate a deltoid-like figure.- The ridges which join wdth 
one end at the summit, with the other at the radial lips, form to- 
gether around the body a well marked penta-petaloid figure in which 
the ambulacra are placed along the median line ; and as the ridges 
in this species happen to be more conspicuous than the margins of 
the ambulacra, the ridges appear as the boundaries of the latter. 
Cross-section along the upper half of the body obscurely decagonal, 
almost circular, decidedly pentagonal across the lips of the radials. 

Basals small, entirely hidden within the columnar cavity. 

Radials small, body part longer than usual in this genus, their 
lower portions resting within the concavity, whence they bend 
abruptly in an opposite direction, forming a sharp edge at the end 
of the body. Length more than twice the width at the basi-radial 
suture, which is about equal to the width of a limb at its upper 
side. Sinus very short enclosing but little more than the lip, which 
is strongly protruding, and from which a very prominent rounded 
ridge proceeds to the lower edge of the plate. The upper sides of 
the limbs are convex, with a re-entering angle above the lateral 
sutures. 

Oral plates large, occupying four-fifths of the length of the entire 
body, divided by two raised lines into three parts, the inner or 
deltoid part provided w^ith fine granules, the outer part with trans- 
verso grooves, which are equal to the number of side plates in the 
ambulacra. The anal plate which divides the oral piece of the pos- 
terior interradius, differs in form but little from the deltoid-shaped 
portions of the other four interradial sides; it is however a little 
wider, and at the upper end protruding outward. The anal-aperture 
is large, rliomboidal, the opening in an upward direction. It is 
bordered towards the peristome by two summit plates which rest 
against the upper ends of the two sections of the oral plate. 
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Ambulacra linear, comparatiyely shorter and probably wider than 
in any other species of EUtacrimu; lancet-piece exposed within the 
food groove, bat only at the upper end of the plate, its lower half 
is perfectly covered by the side-plates. There are 36 to 38 side 
pieces, (outer side pieces cannot be distinguished in the specimens) 
with a deep socket to each plate. The hydrospire-poies are only 
seen when the side plates are broken away. 

Spiracles ten, one to each side of the ambolacrom; slit-shaped, 
placed like those of the preceding sx>ecie8 within the projecting 
lateral edges of the orals ; those of the anal side non-conflnent with 
the anal aperture. The hydrospires are unknown. 

The summit (which in both type specimens has been preserved) 
is comi>osed of but few comparatively thick pieces which are simi- 
larly arranged as in Elaacrinu$ obocatus. Column round, central 
perforation very small. 

Obserrations: This species has its closest afl^ty with Ektacrinus 
(SucUocrinus) elegant Conrad, from which it di£Fers in the more 
elongate form, in the mode of ornamentation, in having almost 
straight in place of concave interradial sides, and in the less pro- 
truding and comparatively shorter ambulacra. The latter, in Con- 
rad's species, reach to the truncate portion of the body, while in 
JE. melonijormU they occupy only five-sixths of that length. It dif- 
fers from E. Vemeu'dU in being a much smaller species, and in the 
entirely different ornamentation; from EUtacrinus angutarU Lyon, 
E. lucina HaU and our E. obovatus as lacking that marked angular- 
ity of the body so conspicuous in each of these species. There is 
a general resemblance to the figure given by Montgomery of XmeU- 
ocrinus Canadensis but no direct comparison can be made as his 
paper deals in generic rather than specific descriptions. The only 
specific characteristic clearly brought out, ''the prominently arched 
radials" are totally inapplicable to our species. 

Geological position, etc.: In the shales of the Hamilton Group, 
Buffalo, Iowa, and at the top of the same group in the Thunder 
Bay region of Northern Michigan. 
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1»ENTREMITIDEA*, DOrbiguy. 

18t!>. D'Orbigny. Prodromo de Palasont. p. 102. 

1853. D'Orbi^ny. Cours Elementaire. p. 139. 

1882. Etheridffe and Carp.. Ann. and Mac:, Nat. Hist. p. 2i0. 

Pentremitidea AMERICANA, Barris, Nov. 8p. 

Body small pyriform, height twice the greatest width, which is 
across the radial lips. Ab-oral side in foim of a cone with slightly 
convex sides, triangular at the end, but gradually assuming a 
strongly marked pentalobate aspect, actinal side of the body equal 
in length to the ab-actinal side ; curving gently in an upward direc- 
tion; broadly truncate and somewhat depressed at the oro-anal re- 
gions. 

Basals forming a triangular vare, with rounded angles, and of a 
height greater than the width at the top, upper edges slightly con- 
cave. 

Radials two-thirds the length of the body, a little more sloping 
than the basals; width at basi-radial suture equal to the width of 
the plates at the opposite side. The forks occupy two-thirds the 
length of the plates, are comparatively narrow, and end in a sharp 
point which constitutes the uppermost part of the entire body. The 
sides toward the sinus are elevated and formed into sharp edges 
which stand out at right angles above the ambulacra. Badial lips 
prominent. 

The oral plates are not observed in a side view, they are extremely 
small, and are placed against the tips of two adjoining limbs, within 
the truncation of the peristome, where they form a narrow rim 
around the spiracles. 

Ambulacra broadly linear, the lateral sides depressed, and forming 
a deep sulcus ; the inner portions almost on a level with the forked 
plates, except near the mouth, where the whole ambulacrum lies 
deeper than the surrounding plates. 

Spiracles ovate, drawn out in a sharp angle, pointing to and sit- 
uate close to, the mouth. They are placed within the oral plates, 
taking up almost their whole surface, leaving exposed a very narrow 

♦Till* KtMitiK Pfutifiiiifiilen dilTors from Troo^ifocnnMij.Hhumard, itH n(«urest allied 
form, ill huviiii; <iiiit«; incuiispicuouH oral platcH, alwayH placed witliin tlio tnincatr uppur. 
fa<'c* of tlio l»ody. and only llvo HpiraeluH: which aro HtricUy interradial; whil«» in I'lumtdo- 
rrinus Wui orals are always visihlo in a side view of th«' npecinifn. and there are ten slil- 
lik<* spiracles alonu: thiHaterai ed^tt of the ainhulaera. and a H«*parate anal i>peninf;> I 
am iinlehteti to Mr. Wa«'hHmuth f(>r the nM'o(;niiion of the above Hiiocles as rentreiuiti- 
dea. and who claims that it ib the llrst one that haii boon discovered in America. 
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rim; four of them are equal, the posterior one is larger, and con- 
fluent with the anal aperture. Hydrospires and summit plates un- 
known. 

The ornamentation consists in fine concentric lines following the 
general contour of the plates. 

Of the two specimena from which this species is described, one is 
nearly perfect and larger than the other. On one side of the smaller 
one is a crushed mass of slender arms, composed of pieces of about 
equal width and height, which possibly may be some of the pinnules. 

Pentremitidea Americana resembles very closely Pentremites clavatus, 
Schultze — Pentremitidea clavata, Eth. and Carp. ; so closely, indeed, 
that it might almost be taken for it ; the latter, however, has com- 
paratively longer basals, is more pentalobate, has wider limbs, with 
decidedly convex sides in place of almost straight ones, and the am- 
bulacra extend beyond the general surface. 

Geological position, etc.: In the upper portion of the Hamilton 
group in the Thunder Bay region of Northern Michigan. The types 
are in my own collection. 
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Pajce 11— 20th line from bottom, for "Wlnchestor" read "Manchester.'* 

Paffe 85— 4th line from top, for ''sandstone" read "limestone." 

Pu«e S6-13th line from bottom, for "No. 2" read "Coal No. 2." 

Page 46— 3d line from top, for •fussels" read "fossils." 

Page 4»-2l8t line from top. for ''localiiy" read -locality." 

rage 74— 3d line from top. for "cunulatus," read "lunulatus." 

Paipe 77— 8th line from bottom, for "subhromboidar read "subrhomboidal." 

Page 80— 15th line from bottom, for "anterior-lateral" read "an tero- lateral." 

Page 91— 15th line from top, for "obliquity cuneate" read "obli<iuity and cuneato." 

Page 108— 10th line from top, for "situated a" read situated." 

Page 120-llth line from bottom, for "Cochiliodus" read "Cochliodus." 

Page 139- I4th line from bottom, for "untoro-latera" read "antero-lateral." 

Page 157— Bottom line, for "porterior" read "posterior." 

Pago 103— 17th line from top, for "contracts" read "contrasts." 

Page 187— Top line, for "escribed" read "described." 

Page 210— 2d line from top. and page 211. 10th lino from top. for "crassidus" read "cras- 

sidens. 
Page 240— Top line, for "costce" read "costal." 
Page 254— 12th line from bottom, for "tenticles' read "tentacles." 
Page 255— 13th line from bottom, for "snarply" read "sharply." 
Page 259— Top line of diagnosis, for "Dormel" read Dermal." 
Page 285— 11th line about from boiton. for "annal" road "anal." 
Pago 299— Top line, for "sliping" read "sloping." 
Page 333-In head line "Perishodomus," for "Gknss" read "Genus." 



PLATE I. 

1. Pbbphodus oBuquuH, St. J. and W a 

1 0. Large median tooth, right ramnaot lower jaw. viewed trom above; lb. do., 

trom Inner margin; 1 e do., outer margin; 1 d do., antero- lateral border, 
showing orenulated ooronal fold; 1 >do., poatero-lateral border, ebow- 
ing broad undulations, Klnderhook; Burlington, Iowa. Coll. Pro!. 
Worth en. 

2 a. b, e, d. e. similar tIowb of a large median tooth, referred to the right ramus of 

uiiper jaw. Same lonnatlon, loealltr and oollectlon. 

3 a, b, e, d. e. Some vlewi of tooth, left ramus ol upper jaw. Same formatloD, 

locality and collection. 

4 a, b. e, d. Similar views ol on elongate, more convez tAOth, Identified with the 

preceding form. Klnderhook upper Bsh beds: Burlington, Iowa ColL 
Hr. Wschsmuth. 

ia,b,e,d,e. Similar views of a very small, loogltudlnaUy abbreviated tooth, re- 
ferred to the same position upon Ibe jaw as the last, with which It la pro- 
visionally identlfled. Same lonualioD, locality and oolleotlon. 

<. PaBPHODDS 7 simnrntODS, Bt J. and W 71 

6 a. Mandibular tootb, right ramus, seen from above; t b do., outline from inner 

margin; 6 o do., outer margin: t d do., proOle outline from antero -lateral 
border, foreshortened. Klnderhook lower Ushhed: Burlington, Iowa. 
OolL Hr. Waohsmuth. 

7 a, A very small, nearly entire tooth of the left ramus of lower jaw, pro- 

visionally Identlfled with the last, view trom above, enlarged: 7 b do.. 
Inner margin; 7 e do., ahowlng outer tnroUed margin: T d do., profile from 
antero-lateral border. Klnderhook, upper flah-bed; Burlington, lowo. 
Coll. Ox. Wachemuth. 
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PLATE II. 

Page. 
Fig. I PsEPHODUS ULTUP, 8t J. and W 72 

1 a. A small mandibular median tooth, seen from above, part of the coronal sur- 
face bordering the inner margin broken away; 1 b. do., transverse profile 
frominner margin;! c. do., from outer margin: 1 d. do.. postero-Iateral 
border; 1 e. do., an tero- lateral border, showing longitudinal profile. St. 
Louis limestone; Alton, Illinois; Mr. Van Home. 

Fig. 2, a. b. c. d. e. Similar views of a very small example of the same form, left 
ramus, enlarged; 2/. do., inferior surface. Same formation, locality and 
collection. 

Fig. 3 a. A serial tooth, view from above; 3 b, do., outer margin transverse profile; 3 c. 
do., from the poster o- lateral (?) border, longitudinal profile. St. L.; St. 
Louis, Missouri. O. St John. 

Fig. 4. PsEPHODUs LUNULATUS. St, J. and W 74 

Fig. 4 a. Views of tooth from above; 4 b. do., from the lateral border; 4 c. do., inner 

margin; 4 d. do., from the outer margin. Chester limestone; Chester. 

111. Dr. George Hambach. 

PsBPHODUs PLACENTA. St J. and W 69 

Fig. 5 a. A mature tooth referred to right ramus of mandible, from above; 5 b. do., 

from inner margin; 5 c. do., views from the anterior and the posterior 

border. Upper fish-bed. Einderhook ; Burlington. Iowa. Mr. Wachs- 

mutn. 
Fig. 6 a. c. 0. d. Similar views of a smaller tooth, occupying the same position upon 

the jaw as the last Same horizon and locality. Prof. Worthon. 
Fig. 7 a. b, c. d. Similar views of an elongate Individual of left ramus of upper jaw. 

Same formation, locality and collection. 
Fig. 8 a. b, c. d. The same views of a small, short median tooth, referred to the right 

ramus of upper jaw. the coronal region much worn in front (the original 

of Helodus placenta). Same horizon, locality and collection. 
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PLATE III. 

PAOE. 

Vatioinodus YBTU8TUB, St. J. and W 82 

Fig. 1 a. Maxillary posterior tooth left ramus, seen from above, the mutilated 

anterior border and posterior extremity restored In outline; 1 h, do., 
inner margin; 1 c, do., from the outer inroUed margin; 1 d, do., pro- 
file from posterior extremity. Kinderhook; DesMolnes county, 
Iowa. O. St. John. 

Yaticinodus DI8CBEPANB. St J. and W 83 

Fig. 2 a. Maxillary posterior tooth, left ramus, from above, outline restored; 2 &, 

do., transverse profile from inner margin; 2 c, do., fore- shortened 
view from antero-lateral border. Bufflngton oreek. Mr. Springer. 

Fig. S a. &, c. Similar views of the same form, right ramus. Augusta. O. St. John. 
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PLATE 17. 

Page. 
Fiff. 1-8. 9zsif0KQiatopi7B XKiOMOATUft, St. J. and W 106 

1 0. Maxniarr posterior tooth, right riimas, a medium also, aomewhat worn spe- 

, {[^meu, aeen from al>ove. Warsaw limeatone; Warsaw 111. ColL Prof. 

Worthen 

2 a. A smaller tooth of the same form, left ramus, view from above, showing ob- 

ItQue direction of antero-lateral border, etc.; 2 h, do., inner margin: 2 c, 
do.; profile from the posterior extremity. Same formation, locality and 
collection. 

3 a. Mandibular posterior tooth, left ramus, an imperfect example, seen from 

above; 8 h, do., Ikner margin; 8 e, do., profile from anterior border. Same 
formation, looallty and collection. 

Fig. 4-8. Stsnoptsbodus PABvuiiUs.St J.andW 107 

4 a. Maxillary posterior tooth, right ramus, from above. (The form originally 

described under ScandalodU8 parvulua, K. and W.) St Louis limestone; 
St Louis, Mo. O.St. John. 

5 a, Mlixillairy posterior tooth, left ramus. vi0W from above of a nearly perfect in- 

dividual* St. Louis limestone; St Louis. Mo. O. St John. 

6 a. Mandibular posterior tooth, right ramus, from above. Same formation: 

Atton. ni. jat. Tan Home. 

7 a. The same form, left ramus, view from above. St. Louis; Alton; Mr. Van 

Home. 

8 a. Mandibular median tooth, left ramus, seen from above: enlarged; 8 5. do.. 

antero-lateral border: 8 c, do., inner margin^ 8 d; do., outer inrolled mar- 
gin. St Louis fltncstone; St. Louis, Mo. Mr. Tan Home. 

Fig. 9-14. Stenoptxbodus planus. Bt J. and W.^,^...,, ^,. 102 

9 a. Maxillary posterior tooth, left ramus, from above; 8 b, do., inner margin; 8 c, 

do., outer inrolled margin; 8 d, do., foreshortened view from the poste- 
rior extremity. Upper Burlington fish-bed; Louisa county, Iowa. Coll. 
Mr. Springer. 

10 a. The same form of right ramus, seen from above, outline restored. Same for- 

mation and locality. O. St John. 

11 a. Mandibular posterior tooth, left ramus, seen from above; 11 &. do., inner 

margin: 11 c. do., outer inrolled margin; 11 d, do., foreshortened. Tlew 
from anterior border. Same formation and locality. Mr. Springer 

12 a. Same form of opposite ramus, from above. Same formation, locality and 

collection. 

13 a. Mandibular median tooth, left ramus, view from above, enlarged: IS b, do., 

inner margin; 13 c, do., outer Inrolled margin; 13 <i. do., antero-lateral 
border; 13 e, do., postero-lateral border. Upper Burlington; Augusta. 
Iowa. O. St John. 

14 a. A large example of the same form, right ramus, view from above, borders 

restored; lib, do., inner margin: 14 c. do., outer inrolled margin: 14 d. 
do., antero-lateral border; 14 e, do., postero-lateral border. Upper Bur- 
lington; Louisa county, Iowa. Mr. Springer. 

Fig. 15-16. Stbnoptebodus Sp? 105 

15 a. Maxillary pasterior tooth, left ramus, a worn specimen seen from abovo; 

15 &. do., inner margin: 15 c. do., outer inrolled margin. Keokuk lime- 
stone: Warsaw. 111. Prof. Worthen. 



Plate IV — Continued. 

Paok. 

It a. Mandibular posterior tootb, lett ramus, ao Imperfect example, bmo trom 
abovei 16 b. do.. Inner mocKlDi 16 c, ilo„ profile trom anterior bonier. 

EeokulcUmoBione: Hamilton, III. Prot. Wortben. 
Fig. 13-19. ViTicwoDDs? BittajB, St. J. and W K 

17 a. A mature pertect posterior tooth of the rlcht ramni ot upper jaw, view Irom 
above: 17 b. do., Inner marKli^Uj;..i1CL,^ter inrolled marsln; 17 d. do.. 
tore shortened. Irom poaterlorlzMrnnr.' Chester Umestone; Evoneville, 
IIIinolB. Dr. Oeonce Hambaoh. 
IS B. Ka Impertect specimen ot tbe same form, trom left romos, seen from above; 
■' ■186,do..lnner-Sart(hi.'OKerterrOltt»Aef,I«.-Ifi'.-TitHome. - - 

if ii|~ KbidfMHr'MnaHM t6eth, Teft iwxtli^ »»))ti rr6m abvtt). >BfariMr»^^ 
■■'"'' ■■ 'Iriner-nJafltfti':' »'*,l»,','liDtefo^<er«l febrtKth'-CHoBtor; ■flSfeater, llL 
Prof. Wortben. u - W 

pi«. i'.' ^■'i^,'i.'!'., '., '\ATicja'!'>i>v»tff''^'^v*Myi^^uj.,;,j^^ vr,^. ,',.'!'..'.. i..,:^,..".... .:'..; se 

at %, 'Jij^fEliJarx P(>Btfi^(>V ^H(i}h.ldt tam^s. s«e'n,lro|i)'i^>oYe.(>)itUD,e. restored; » b. 
do.i troin toner margin. ' tiover Coal Measures: CarUn.vllle. III. Prof. 
„, ,. ,, Woirtixea, .,, - „ .... .. . ^ . . ] ■■ a Y 1 

ai a. Uaxlllarr posterior tooth, rigbt r4p)iu,,Tte.wTir9a),{i^,(>^^',.oiftl^e restored; 
El b, do., from Innermargin, transverse prbme. Upper (joal Measures; 

---LaSalle^ 111. Pftt WoiHriS. ' " '■ -^ ■ '^ ■-'■=" '■'■'■" ■' ■ - "■ 

Pig.aa-je. T»riLT>uJ)i.|i? BWl-lxs.St. J, nod ff ' 84 

2^ 1. Moxlliary |>o»lerl'jr loolli, rlgbt ramus, ao imperli'Cl HpeclmvQ alionlDK (be 
posterior coronal contour, from altpve. eclarRed: H t. d^:/., inuaifovtiip: 
'i- 1', do., (^utsr mareUi- Si. V"^^ UmeetoDe: rollu. lou'u. ,0. Hi. Johii. 
23 <i. b.-Luiclurtn, lett ramus. eijoH-lu8uiieaUreiootb.corUQnlBi)rFBcM>iuu(;b,^'oro, 

^■I'l.'ii (mill iiljovi;: ii li. ilo., iun'T iuiLr;:la. Su Luuln. Mo. O. 3t. Jolin. 
U a. Asliuil..!- .1 .;■.■.-:. ■..■..:: '■.1-. I ■ n ■.-,.■ ;..,i ._■ hL-yonii ccirouil limits. St_ 

28 a. A nearly eBlif^,^^^pjpl^^I s^e ^9^1(1. j^l(t ia,oiu»f S|Bftp,fi:sp .W"* 
do.. Inner margin; SK c. do. antero- lateral border. Bt. £.ouls llD 
■ ■■ ■ -PrtlB.' 0.-8t:iJohn. '' '■'" ■- ■*■■": .'■■■•.: -7 '•■^■'.t" 
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PLATE V. 

PAOK. 

Fig. 1. DzLTOPTTCHiufi WACH83CUTHI. 8r. J. and W 98 

1 a. Posterior tooth of the left ramus of the mandible, viewed from above, bro- 
ken extremity restored in outline; 1 h do., seen from the antero-lateral 
border: 1 c do., showing inner margin. Keokuk limestone. Warsaw, UL 
Coll. Prof. Worthen. 

Fig. 2 a. A similar and more perfect tooth of the right ramus of the mandible, seen 
from above; 2 b do., antero-lateral border; 2 c do., postero-lateral border. 
Same formation, locality and collection. 

Fig. S a. Posterior tooth of the left ramus of the upper jaw. from above; 3 &. do., pro- 
file from the inner margin. Same formation, locality and collection. 

Fig. 4 a. Maxillary posterior tooth, right ramus, view from above; 4 b do., outer in- 
rolled margin. Same formation, locality and collection. 

Pig. 5 a. Maxillary posterior tooth and median series of teeth; 5 & do., right ramus, 
seen from above, outline restored. Keokuk limestone. Danville. Iowa. 
Coll. Mr. Wachsmuth. 

Deltopttchius primus. St J. and W 98 

Fig. 6 a. Mandibular posterior tooth, left ramus, seen from above, outline restored. 

Upper Burlington fish-bed; Louisa Co., Iowa. Mr. Springer. 
Fig, 7 a. Maxillary posterior tooth, right ramus, viewed from above, outline restored. 

Same horizon and locality. O. St John. 
Fig. 8 a. Maxillary posterior tooth, left ramus, from above. Same formation and 

locality. Mr. Springer. 

DxLTOPTTCHiuB KXPANSUB. St J. and W 98 

Fig. 9 a. An imperfect posterior tooth of left ramus of mandible, showing coronal 
contour, seen from above, outline restored. St. Louis limestone; Alton. 
111. Coll. Mr. Van Home. 

Fig. 10 a. Mandibular posterior tooth, right ramus, seen from above. St Louis lime- 
stone; St Louis, Mo. Coll. Prof. Worthen. 

Fig. 11 a. A large mandibular posterior tooth, from above, the coronal contour ob- 
scured by wear. St Louis limestone; Waterloo, 111. Coll. ProL 
Worthen. 

Fig. 12 a. Maxillary posterior tooth, right ramus, from above, outllnelrestored. St. 
Louis limestone; Alton. 111. Coll. Mr. Tan Home. 

Fig. IS a. Similar tooth, left ramus of upper jaw, view from above. Same format'on, 
locality and collection. 

DXLTOPTTCHIUB vABsovTEMSis. St J. and W 98 

Fig. 14 a. Mandibular posterior tooth, left ramus, view from above, alate posterior 
border restored in outline; 14 b do., enlarged; 14 c do., showing antero- 
lateral border, enlarged; 14 d do., seen from the outer inrolled margin. 
Warsaw formation; above Alton. 111. Mr. Tan Home. 
Fig. 15 a. Maxillary posterior tooth, right ramus, seen from above. Warsaw formar 
tion; Warsaw. IlL 

Deltopttchius nitidub, Leidy sp 98 

Fig. 16 a. Mandibular posterior tootb. left ramus, seen from above, outline restored; 
16 6 do., antero-lateral border; 16 o do., foreshortened view from pos- 
tero-lateral border: 16 d do., outer inrolled extremity; 16 e do., inner 
margin. Chester limestone; Chester. HI. Coll. Prof. Worthen. 
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PLATE VI. 

Page. 
Chitonodus libatub. St J. and W 119 

Fig. 1 a. Maxillary posterior tooth, riffht ramus, view from above of an imperfect ex- 
ample, posterior extremity restored in outline; 1 &, do., from the inner 
margin. St Louis limestone; Alton. 111. 

Chitonodus ANTiQUUB. St J. and W 116 

Fig. 2a. Mandibular posterior tooth, left ramus, view from above, outline partially 
restored: 2 b, do., transverse profile from inner margin: 2 c, do., outer 
inrolled margin; 2d, do., from the antero-lateral border. Lower Bur- 
lington, Iowa. Prof. Worthen. 

Chitonodus Spbinoebi. St J. and W 112 

Fig. 3 a. Maxillary posterior tooth, left ramus, view from above of a worn example, 
outline partially restored: 3 b. do., from inner margin; 8 c, do., outer in- 
rolled margin; 8 d. do., from the anterior border, foreshortened. Upper 
Burlington; Augusta. Iowa. Mr. Wachsmuth. 

Fig. 4 a. Same form, right ramus, a worn specimen, seen from above; 4 b, do., inner 
margin; 4 c. do., outer inrolled margin: id, do., from anterior border, 
foreshortened. Upper Burlington; Louisa county. Iowa. Mr. Springer. 

Fig. 5 a. Mandibular posterior tooth, left ramus, view from above; 5 b, do., inner 
margin; 5 c, do., from antero-lateral border; a worn example, showing 
merely a trace of transverse imbrications. Upper Burlington; Augusta, 
Iowa. O. St. John. 

Fig. 6 a. A worn, medium-size example of the same form, seen from above; 6 b, do., 
inner margin; 6 c, do., outer inrolled margin; 6 d. do., from the anterior 
border. Upper Burlington: Augusta, Iowa. Mr. Springer. 

Fig. 7 a. Mandibular median tooth, left ramus, a worn specimen, seen from above, 
outer extremity restored in outline; 7 b, do., inner margin, transverse 
profile; 7 c, do., outer margin: 7 d, do., from antero-lateral border; 7 e, 
do., postero- lateral border. Upper Burlington: Louisa county. Iowa. 
Mr. Springer. 

Fig. 8 a, b, c, d. 0. Similar views of a more prominently rigid, worn example of the 
same form, outline partially restored. Upper Burlington; Augusta. 
Iowa. 

Fig. 9 a. Maxillary posterior tooth, left ramus, a medium-size example, preserving 
the transverse imbrications over a portion of the anterior neck, seen 
from above, outline partially restored; 9 &, do., inner margin, trans- 
verse profile; 9 c. do., from anterior border; 9d, from posterior ex- 
tremity. Upper Burlington; Louisa county. Iowa. O. St John. 

Fig. 10 a. A large, robust example of the same form, from above, partially restored 
in outline; 10 &, do., inner margin; 10 c, do., outer inrolled margin; 10 d, 
do., from anterior border, foreshortened. Upper Burlington; Augusta, 
Iowa. 

Fig. 11 a. A similar example of the same form, seen from above, outline restored. 
Upper Burlington; Pleasant Grove, Iowa. Prof. Worthen. 

Fig. 12 a. Mandibular posterior tooth, right ramus, showing transverse imbrications. 
view from above, outline restored. Upper Burlington: Louisa county, 
lown. O. St. John. 



Plate VI — Continued. 

Fig. 13 a. A small example of the same form, left ramus, seen from above (repre- 
sented too obliquely inroUed); 18 b, do., inner margin, transverse pro- 
file; 13 c. do., outer inrolled margin; 13 d. do., from anterior border. 
Upper Burlington; Pleasant Grove. Iowa. 

Fig. 14 a. Mandibular median tooth, left ramus, showing imbrications, seen from 
above, outline restored: 14 &. do., inner margin, transverse profile; 14 c. 
do., outer margin: 14 d, do., from antero-lateral border; 14 e. do., pos- 
tero-Iateral border and longitudinal profile. Upper Burlington; Bur- 
lington. Iowa. O. Bt John. 

Fig. 15 a. A larger, worn example of the same form, from above, outline restored; 
15 b, c. do., views from the antero and postero-lateral borders. Upper 
Burlington; Louisa ebunty. Iowa. Mr. Springer. 
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PLATE VII. 

Fig. 1—10 CocHiiiODUs Van HoRNn, 8t. J. and W * *.-4.. 12« 

1 a, MaxillaxT posterior tooth, left ramiis* view from above; 1 b do<. innor marn^n; 
1 c do., outer m&rfirin: 1 d do., foreshortened view friom anterior border; 
1 e do., inferior surf aoe. St Louis, Alton. IlL Mr. W. C 3&«& Hocne. 

Fiff. 2 a. Same form, riirht ramus, anterior portion broken awity. sbowins impres- 
sion of inferior surface in the limestonie matrix. Same formation, 
locality and collection. 

FiflT. 3 a. Transverse coronal ridges of the maxillary medium series of left ramus, 
upon a common basal support, seen from above, enlarged; 3 h do., from 
the inner margin; 3 c do., outer margin; 3 d do., from the antero-lateral 
border: 3 e do., showing the undivided inferior surface of the base. St 
Louis, Fella, Iowa. Mr. Tan Home. 

Fig. 4 a, &. c. Inner, outer and profile views of a fore tooth of the maxillary median 
or anterior series, enlarged. Same formation, locality and collection. 

Fig. 5 a, &. c. Similar views of another example of the same form, enlarged. Same 
formation, locality and collection. 

Fig 6 a, &, c, d. Another specimen of the same form, seen from above, inner, outer 
and profile views. Same formation, locality, and ooUeotion. 

Fig. 7 a. Mandible, with the teeth of the rami in natural position, as seen from 
below; the specimen represented as discovered in the limestone matrix. 
St Louis; Alton. HI. Mr. Van Home. 

Fig. 8 a. Mandibular posterior and median teeth of the right ramus of the foregoing 
specimen, seen from above. 

Fig. 9 a. The posterior tooth of left ramus of above example, seen from above; 9 b 
do., profile outline from antero-lateral border. 

Fig. 10 a. Mandibular median tooth, associated with 9 a, seen from above; 10 b do., 
profile and outline from postero-lateral border. 

CocHZiZODUs Leidti, St J. and W 127 

Fig. 11 a. Maxillary posterior tooth, right ramus, views from above. Chester lime- 
stone; Chester. 111. Prof. Worthen. 

Fig. 12 a. Same form, left ramus, from above: 12 b do., from inner margin: 12(7 do., 
outer inroUed margin; 12 d do., foreshortened view from antero-lateral 
border. Chester limestone; Evansville, 111. Dr. Hambach. 

Fig. 13 a. Maxillary median series of left ramus, seen from above; 13 b do., from inner 
margin; 13 c do., outer margin: 13 d do., profile from antero-lateral bor- 
der: 13 e do.. Inferior surface, showing basal support without transverse 
sutures. Chester; Chester. 111. Prof. Worthen. 

Fig. 14 a. Mandibular posterior tooth, left ramus, a large, imperfect example, from 
above. Chester limestone; Prairie du Long, 111. Prof. Worthen. 

Fig. 15 a. A smaller perfect example of same form, right ramus, viewed from above; 

15 b do., from inner margin: 15 c do., outer margin; 15 d do., from antero- 
lateral border, foreshortened. Chester; Chester, 111. Mr. Van Home. 

Fig. 16 a. Mandibular median tooth, right ramus, view from above, outline restored; 

16 b do., from inner margin; 16 c do., outer inrolled margin: 16 d do., from 
postero-lateral border. Chester limestone; Chester. 111. Prof. Worthen. 

CocHLioDUS OBLiQuus. St J. and W 125 

Fig. 17 a. Maxillary posterior tooth, left ramus, viewed from above, enlarged; 17 b do., 
from the antero-lateral border: 17 c do., postero-lateral border. St Louis 
limestone; St Louis, Mo. Mr. St. John. 



Plate \ll--Continued. 

Page. 

CniTONODUs TBiBULis, St. J. aud W 117 

Fig. 18 a. Maxillary posterior tooth, left ramus, a large and nearly perfect example, 
seen from above; 18 h do., from tne inner margin: 18 c do., outer inrolled 
margin; 18 d do., from anterp -lateral border, foreshortened. Keokuk; 
Keokuk, Iowa. Mr. Cox. 
F\9. 19 a. A small maxiliarf posterior tooth, left ramus, from above. Keokuk lime- 
stone; Warsaw. 111. Prol. Woctl^^ii* 
Fig. 99 a. • A meidium-slze tooth of Uie saoie lorau right ramus, from above* outline 

''' restored. Same loniwtion. Bentonsport, Xpwa^ Mr. St John. 
Fig. 21 a. Mandibnlar postMor tooth, leftramusra small exaniple, seen from above: 
n b do., from ianes mmtgiBi 21 e 40), outei: laroUed margin; 21 d do., from 
-" ' antero-latsrai bordan- Keokujk: %f okulc^ Iowa. Mr. Cox. 
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.':. PLATE VIII. 

PAGE. 

Xt8Trodi)s iNcoilDrtuB, St. J.andW 179 

Fig. 1 a. Maxinary posterior tooth, left ramus, Tiew from abore, outline restored; 1 
b, do., profile from antero- lateral border; 1 c, do., transverse section. 
Keokuk limestone; "Warsaw, Illinois. Professor Worthen. 

X78i;iK>DU8 IMITATU8. SL I. and W , 180 

FifiT. 2 a. MazUIai^. ^posterior tooth* zight ramus, from above; 2 h, do.» longitudinal 
prolUflrom antero-lateral border: 2 c, do., transverse seotlon. BL Louis 
fojJiQAtlQn; Monroe county, Illinois. Professor Worthen. 

Xystbodus BEI4I4ULU8. Bt J.andW 183 

Fig. 3 a. Maxillary posterior tooth, left ramus, from abovQ, outline restored; 8 &, do-, 
lODi^tudljaaJi ^oflle from the antero- lateral border: 8 c, do., transverse 
seoti^n, GpalNo. 7. 111. Gen'l. Sec; DanviUe, Illinois. Mr. Wm. Ourley. 

Xystbodus SIMPLEX. St J.andW 178 

ViB' 4 a. Mandibular posterior tooth, left ramus, view from above: 4 b, do., antero- 
la^ral bo^er; 4 c, do., from postero-lateral border; 4 4* do.. Inner mar- 
gin: 4 ^ (^p., outer inroUed margin. Upper Burlington limestone fish- 
bed; Monmouth, Illinois. Mr. Springer. 
Fig. 5 a. Maxillary posterior tooth, right ramus, from above, outline restored; 5 &. 
do., from the antero- lateral border; 6 c, do., postero-lateral border; 5 d, 
do., transverse profllo from inner margin; 5 e, do., outer inrolled ex- 
tremity. TTpper Burlington limestone, fish-bed; Louisa county, Iowa. 
Mr. Spritii^er. 

^yjipBOP US TBBUB, St. J.andW. » 181 

Fig. 6 a. Mandibular .posterior teeth, left ramus, view from above; 6 &, do., antero- 
lateral bolder, loxuritudinal profile; 6 c, dp., transverse profile from 
inner margin; Cheater limestone; Chester. Illinois. Professor Worthen. 
Fig. 7 a. Maxillary posterior tooth, left ramus, from above; 7 &, do., longitudinal pro- 
file from the antero- lateral border: 7 c, do., from the postero-lateral 
border; 7 d, do., transverse profile from the inner margin. Same forma- 
tion, locality and oolleotion. 

P(EciiiODU8 St. LuDovici. St. J.andW 132 

Fig. 8 a. Mandible, with the pair of posterior teeth occupying their natural position, 
resting upon the granular osseus support, the right ramus showing the 
articular processes at the extremity. The anterior extremity of the jaw 
is mutilated, but it is evident whatever tooth it bore were extremely 
small; St. Louis limestone; Alton, Illinois. Mr. W. C. Van Home. 

Fig. 9 a. Mandibular posterior tooth, right ramus, view from above. Same forma- 
tion, locality and collection. 

Fig. 10a. The same form, left ramus, view from above; 10 b, do., outer inrolled mar> 
gin; 10 c, do., from inner margin. Same formation, locality and col- 
lection. 

Fig. 11a. Maxillary posterior tooth, right ramus, from above; 11 b, do., from the outer 
margin. St. Louis formation; Pella, Iowa. Mr. St. John. 

Fig. 12 a. Same form, left ramus, from above: 12 h, do., from inner margin: 12r. do., 
from antero- lateral t>or<ler, foreshortened: 8t LouIb; Alton. Illinois. 
Professor Worthen. 



Plate VIII — Continued. 

PAGE. 

PoEGiLODus YABSoyiBNSis, St J. and W ^ 181 

Fiii;. 18 a. Maxillary posterior tooth, left ramus, seen from above anterior border 
restored in outline, enlarged one diameter: Warsaw; above Alton, Illi- 
nois. Mr. Van Home. 
TigAia. A larger example of tUe|S^ii^ form, .view, (com above, anterior portion of 
crown mutilated: 14 b. do.'. tratiBv^rse tn*o&le from inner margin. Same 
formation, locality and collection. 

PoEcniODuaOwTBiiirsiB, fit. J. aij^'WlTr ••-*—-•»* ^^ 

Fig, 15 a. Maxillary posterior tooth, right ramu4. Xrom abovQ, outline pairt^lly re- 

fltore4; U 6, do,. tt<m^ the inner margin; 15 a. (^.* outer inroUed margin: 

Chester; Chester, lUiapis. Mr. Van Horne. . 

Fig. 16 a. Mandibular posterior tooth, left ramus, view from above; 16 &. do., inner 
margin; 16 e, do., outer WolliBd margins 16 d. do., profile from antero- 
lateral border; Chester: OhMter, IMnols. Trot»Blkit Worsen. 

Fig. 17 a. A small example of tiie same form, ri^t ramus, from above, showing the 
transverse corrugations; Chester; Chester, lUindls. Pkifisssor Worthen. 

PcBcxLODUB WoBtHkirt, St John..,....:....:.... 136 

Fig: 18 a. Mandibular posterior tooth, left ramus, view frbih lAioYe. outline partDally ' * 
restored: 18 &, do., transverse profile from Inn^t margin; 18 1, do., outer 
llbroUed margin; 18 d, do.; longitudinal profile antero-lateral border; 
Chester; Chester. UllnoiA. 

PoECXLODUs SpKotosbx, 8t J. and W ............:.. 13fe 

Fig. 19 a. Mandibular posterior tooth, left ramus, view firom atmve. o:itl!ne partially 
restored: 19 5. do., transverse profile from inner miurgiii; 19 c, do., outer 
inroUed margin; Lower Carboniferous; Santa Fe. New Mexico. Messrs. 
8t>rihger and St. John. 

PdczLODUs CA^OKAB^s. St. J. and W. .......,,. 139 

Fig. 20 a. Mandibular posterior tooth, right ramus, view from i^ve. outline partially 
restored; 20 &, do., transverse profile from inner margin outline; 2» c, 
do., outer inrolled mar^n; 20 d, do., outline profile from antero-lateral 
^ border: Upper Coal Measures; LaSalle, tllfhofs. Professor Worthen. 

Fig. 21 a. Maxillary posterior tooth, right ramus, seen from aboN^e. ouf^e ri^toTed; - 
dl 5. do., profile from inner margin; il e', do.. ouVsr fnrolled margin. 
Same formation, locality and collection. Prcf^si^of Worthen. 
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PLATE IX. 

Paok. 
Dbltodus PASVU8. Sl J. and W 161 

FIff. 1 a. Mandibular posterior tooth, left ramup. from above, enlarged ; 1 h, do., pro- 
file from antero- lateral border: 1 c. do., from postero-lateral border. St. 
Louie; Pella. Iowa. Mr. St John. 

Fiff. 2 a. Same form, right ramus, enlarged. Same formation, locality and collection. 

Fig. 3 a. Outline of a mandibular median tooth, left ramuB, from above, enlarged. St 
Louis; St. Louis, Mo. Mr. St John. 

Fig. 4 a. Maxillary posterior tooth, right ramus, from above, enlarged: 4 b. do., trans- 
verse profile from inner margin: 4 e. do., longitudinal profile from ante- 
ro-lateral border, extremity restored in outline. St. Louis. Pella, Iowa. 
Mr. Van Home. 

Fig. 6 a, b, c. Similar views of the same form, left ramus, showing a periect example. 
Same formation and locality. Mr. St John. 
Dix;todu8 GiNOTULUS, St J. and W 146 

Fig. 6 a. Mandibular posterior tooth, left ramus, view from above, extremity restored 

in outline; 6 b, do., from inner margin, transverse profile; 6 c. do., ante- 

ro-lateral border, longitudinal profile. Warsaw beds; Madison county. 
IIL Prof. Worthen. 

Fig. 7 a. b. c. Similar views of a maxillary posterior tooth, left ramus. Barrett's Sta- 
tion. Mo. Prof. Worthen. 
Dkltodus TRiix)BtTs. St J. and W 148 

Fig. 8 a. Mandibular median tooth. left ramus, view from above; 8 h„ do., from inner 
margin: 8 c. do., from outer margin, extremity broken away ; 8 d. do., 
longitudinal profile from antero- lateral border; 8 e. do., from postero- 
lateral border; 8/. transverse section, showing prominent definition of 
the anterior and posterior lobes. Warsaw limestone; Jersey county. 
III. Prof. Worthen. 
Dkltodus occiDBNTJLLis (Leidy, sp.) 150 

Fig. 9 a. Maxillary posterior tooth, left ramus, from above. St. Louis limestone; 
Monroe county. 111. Prof. Worihen. 

Fig. 10 a. Mandibular median'tooth, right ramuB, from above, outer extremity broken 
away; 10 b, do., from antero- lateral border; 10 c, do., postero-lateral 
border; 10 dAo„ transverse section. Warsaw beds: Warsaw. III. Prof. 
Worthen. 
Deltodus LATiOB. St. J. and W 145 

Fig. 11 a. Medium-size tooth of the mandibular posterior form, right ramus, from 
above. Keokuk; Hamilton, 111. Prof. Worthen. 

Fia. 12 a. A smaller individual of the same form; same locality. 

Fig. IS a. 5. c. Dbltodos cwoulatup, N. and W 

(Oeol. Surv. of III.. Vol. II. p. 99, PI. IX. fig. 6.) 
IS a. Maxillary posterior tooth, left ramus, from above; 13 b. from ante- 
ro-lateral border; 13 c. outline from inner margin, transverse profile. 
Chester liDiestone; Chester, 111. Prof. Worthen. 
Deltcdus iNTBBMEDius. St J. and W 153 

Fig. 14 a. Maxillary pof^terior tooth, left ramus, from above: 14 b. do., transvere profile 
from inner margin; 14 c. do., from outer margin; 14 d. do., from antero- 
lateral border, longitudinal profile; 14 e, do., from postero-lateral border; 
14 /. do., showing inferior surface. St Louis formation; Pella, Iowa. 
Mr. St. John. 

Fig. 15 a. b, c. d. Similar views of a small example of the same form, right ramus, 
showing a marked undulated coronal surface. St. Louis: Columbia,, 
Monroe county, 111. Prof. Worthen. 
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PLATE X. 

Paob. 

Dkltodub Powbllu, St J. and W IM 

Tiff. la. Mandibular posterior tooth, left ramue, view from above: 1 &. do., trans- 
verse profile, outline from inner margin: 1 c, do., from outer marffio, 
outline; 1 d, do., outline from antero- lateral border: 1 «, do., from pos- 
tero-lateral border: 1 /, showing oharacter of punctation of ooronal 
surface, enlarged. Carboniferous limestone: I] tab. National Museum. 
Fiff. 2 a. &. 0, d. DeltoduM Mercurii, Newb. Lower Carb.; Santa Fe, New Mexico. 
0. St John. 

Dkltodub psopinquus, St J. and W IK 

File. 3 a. Mandibular posterior tooth, right ramus, view from above; 3 6, do., trans- 
verse profile from inner margin; 8 c. do., from outer margin; 3 d, do., 
lonffitudinai profile from antero-lateral border: 3 e, do., postero-lateral 
border. Coal No. 5, Carlinville, 111. 
Fiff. 4 a, &, c, d, e. Similar views of a maxillary posterior tooth, right ramus. Coal 
No. 6, Carlinville, III.. Mr. Alex. Butters. 
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PLATE XI. 

Paok. 
Deltodopsis jLFTiNis, St. J. and W 160 

7ig. 1 a. Mandibular posterior tooth, left ramus, view from above; 1 h, do., showing 
antero*Uteral border: 1 o, do., transverse profile from inner margin. 
Warsaw limestone; Warsaw, III., Prof. Worthen. 
Deltodopsis Bt. Ludovici. St. J and W 161 

-Fiff. 2 a. Mandibular posterior tooth, left ramus, view from above, outer extremity 
restored In outline; 2 6, do., longitudinal profile from antero- lateral 
border; 2 c, do., postero-lateral border; 2 d, do., transverse profile from 
innttr margin: 2 e, do., inferior surface. St Louis formation: Pella. loWai. 
0. St. Jolin. 

Tig. 2/. Tooth of the same form, right ramus. Same fonnation, looalit;y and col- 
lection. 

Fig. 3 a. A smaller perfect example of the same form, right ramus, from above: 8 b. 
do., antero- lateral border. Alton, HI., Prof. Worthen. 

J'lg. 4 a. Maxillary posterior tooth, right ramus, view from above, inroUed extremity 
restored in outline; 4 b, do., ante ro- lateral border; 4 c, do., the same in 
longitudinal profile; 4 d, do., postero- lateral border; 4 e, do., transverse 
profile from inner margin; 4 A do., inferior suriace. St Louis formation; 
Pella, Iowa, Mr. St John. 

Fig. 5 a. Same form, left ramus, seen from above; 5 h, do., antero-lateral border. 
Alton. 111., Mr. Van Home. 

Fig. 6 a. Mandibular median tooth, left ramus, view from above, enlarged and par- 
tiallF restored at the outer extremity; 6 b, do., postero-lateral border; 
6 c, do., antero-lateral border. Pella, Iowa. Mr. St. John. 

Deltodopsis anoustus.(N. and W. sp.) 163 

Fig. 7 a. Maxillary posterior tooth, left ramus, view from above; 7 6, do., longitudinal 

profile from antero-lateral border; 7 c, do., transverse profile from inner 

margin. Chester limestone; Chester, Prof. Worthen. 
Fig. 8 a. Same form, right ramus, from above; 8 b, do., antero-lateral border. Same 

formation, locality and collection. 
Fig. 9 a. Mandibular posterior tooth, right ramus, from above, outer margin restored 

in outline; 9 &, do., antero-lateral border; 9 c, do., transverse profile 

from inner margin. Same formation, locality and collection. 
Fig. 10 a. Same form, left ramus, from above, restored in outline. Same formation, 

locality and collection. 

Deltodopsis? convolutus. St. J. and W 16B 

Fig. 11 a. Mandibular posterior tooth, left ramus, view from above; 11 b, do.. longitu- 
dinal profile from the antero-lateral border; 11 c, do., postero-lateral 
border; 11 d, do., inferior surface: 11 e, do., transversa profile from the 
inner margin. Upper Burlington limestone, fish-bed; Louisa county, 
Iowa, Mr. Springer. 
Fig. 12 a, b, c, d, e. Similar views of a small example of the same form, right ramus. 
Same formation, locality and collection. 

Deltodopsis? htflexus. St. J. and W IST 

Fig. 13 a. Mandibular posterior tooth, right ramus, from above, outline restored; 
13 b. do., transverse profile from inner margin: 13 c, do., outer margin; 
13 d. do., longitudinal profile from the antero-lateral border, articular 
edge mutilated; 13«. do., postero-lateral border. Keokuk limestone; 
Warsaw, IlL, Prof. Worthen. 



Plate XI — Continued. 

Plate. 

Deltodopsis exobnjltus. ? St J. and W 168 

Fis. 14 a. Mandibular posterior tooth, rlffht ramus, view from above, outline of alate 
posterior border restored; U &, do., longitudinal profile from the antero- 
lateral border. Warsaw: above Alton. Mr. Van Home. 

Fiff.l5. Deltodopsis ? BiALVEjLTus. St. J. and W 169 

Flff. 15 a. Mandibular median tooth, left r|M3[i9s„ view from above; 15 h, do., transverse 
profile from Inner margin: 15 c. do., from the outer extremity: 15 d, do., 
inferior surface; 15 1;, do«« antero-lateral border; 15 /» do., postero- 
lateral border. U. Burlinffton; Louisa county, Iowa, Mr. St. John. 

Fiff.l$.. D. ? KK0xuE.St. J.aad W..,. , 169 

Fiff . 16 a, h, c. d. #>, /. Mandibular Biediao, tootli, left ramus, mbm views as above. 
Keokuk limestone. 

Fiff.l7. D.? convtxa9» 17 a, MandtbaiapBiedkuitootfa. left ramus, from above; 

17 &. do., from inner margi^; 17 o. do.. antero-rUteral berder. basal rim 
restored In outline. U. Burlington; Louiaa county, lowik Mr. Springer. 

Fig. 18. . , D,? convexns, 16 a. Mandibular median tooth, right ramas, seen from 

above; 18 5, do., transverse profile from inner macsia; 18o. do., outer 
extremity; 18 (/, do., inferior sorfaoe; 18 e. Aantero* and postero-lateral. 
borders. U. B.: Louisa county, Iowa, 0. St. J. 
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PLATE XII. 

Paob. 

Sandxlodus C0MPLAKATU8. (N and. W sp.) 184 

Fiff. 1 a. Mandibular posterior tooth, left ramus, outer extremity and posterior bor- 
der restored in outline; I h do., antero-lateral border: 1 c do., inner mar- 
gin and transverse profile. Upper Burlington; Burlington, Iowa. Mr. 
Wachsmuth. 

Fig, 2 a. Maxillary posterior tooth, rlffht ramus, from above, partially restored in 
outline; 2 h do., longitudinal profile from antero-lateral border. Upper 
Burlinston: Pleasant Orove, Iowa. Prof. Worthen. 

Fig. 3 a. Mandibular median tooth, left ramus, a large example from above; 3 b do., 
postero-lateral border and longitudinal profile; 3 c do., antero-lateral 
border; 3d do., inner-margin and transverse profile: 3 e do., outer ex- 
tremity, mutilated; 3/ do., showing the concave inferior surface. Upper 
Burlington; Louisa Co., Iowa. Mr. Springer. 

Fig. 4 a. A small example of the same form, seen from above; 4& do., longitudinal 
profile from postero-lateral border. Same formation, locality and collec- 
tion. 

Sandalodus. sp? 187 

Fig. 5 a. Mandibular posterior tooth, left ramus, from above, partially restored in 
outline; 5 h do., longitudinal profile from antero-lateral border; 5 c do., 
from the postero-lateral border. Warsaw limestone: Warsaw, 111. Prof. 
Worthen. 
Fig. 6 a. Maxillary posterior tooth, left ramus, seen from above, outline partiallr re- 
stored: 6 b do., longitudinal profile from antero-lateral border; 6 c do., 
from outer extremity. Warsaw limestone; Piasa creek, above Alton. 
Mr. Van Home. 

Samdalodus sPATULATus, (N aud.iW. sp.) 188 

Fig. 7 a. Mandibular median tooth, left ramus, view from above, outer extremity 
mutilated from wear; 7 b do., longitudinal profile from postero-lateral 
border: 7 c do., antero-lateral border; 7 d do., transverse profile from 
inner margin; 7e do., outer margin: 7/ do., inferior surface. St. Louis 
limestone: Alton, III. Mr. Van Home. 

Sakdalodus L2VI88IMUS. (N. and W.) 186 

Fig. 8 a. Mandibular median tooth, right ramus, view from above of a very large ex- 
ample, the great er part of the coronal surface excessively worn from 
use: 8 b do., postero-lateral border: 8 c do., antero-lateral border; 8 d 
do., inner margin; 8e do., outer inroUed margin; 8/ do., inferior aspect, 
showing inrolled outer extremity. Keokuk limestone; Keokuk, Iowa. 
Mr. Cox. 
Fig. 9 a. A small specimen of the same form, left ramus, seen from above: 9 b do., 
inner margin and transverse profile: 9 c do., outer margin: 9 d do., an- 
tero-lateral border: 9 e do., postero-lateral border and longitudinal pro- 
file: 9/ do., inferior surface. Keokuk limestone: Keokuk. Iowa. Mr. 
Van Home. 
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PLATE XIII. 

Paok 

OBTHOPLEUBODUB NOTO MIXICANUS, St. J. A W 19S> 

Fiff. 1 a. Maxillary po8t6rior tooth, left ramus, view from above, outline partially 
restored: I b. do., profile from the straight border. Lower Carbontf- 
eroug; Santa Fe. New Mexico. Messrs. Springer and St John. 
Fig. 2 a, b. Similar vie^s of the same form of right ramus. Same formation, locality 

and collection. 
Fig. 3 a. Mandibular posterior tooth, left ramus, seen from above, outline restored: 

3 b, do., inner margin, transverse profile; 8 c. do., longitudinal profile 
from the antero- lateral border. Same formation, locality and collection. 

Obthoplkubodus cokvexus, St J. and W 198- 

Fig. 4 a. Mandibular posterior tooth, right ramus, view from above, outline restored: 

4 h, do., longitudinal profile from antero-lateral border; 4 c. do., trans- 
verse profile from inner margin. Strata above the Mahoning Sandstone 
Coal-Measures; Morgantown. West Virginia. Prof. Worthen. 

Fig. 5 a. Maxillary posterior tooth, left ramus, view from above, restored in outline; 

5 b, do., profile from the straight border. Same formation, locality and 
collection. 

Obthopleubodus cabbonabius. (N. and W. sp.) 192 

Fig. 6 a. Maxillary posterior tooth, left ramus, a small, well-preserved example, seen 

from above, outline partially restored. 
Fig. 7 a. Mandibular posterior tooth, left ramus, a similarly preserved specimen. 

from above. 
Fig. 8 a. Mandibular median tooth, left ramus, view from above, outline partially 
restored. Lower Coal-Measures, roof of Coal No. 5: Bloomington. Ills. 
Mr. L. A. Fuller. 
Note: The three above specimens were a<isociated on a bit of carbonaceous shale In 
such a manner as to leave scarcely a doubt that they pertained to one and the 
same individual. St. John. 

Teniodus paciatus, (N. and W. sp.) 76- 

Fig. 9 a. Maxillary posterior tooth, right ramus, view from above, restored in out 
line; 9 ?>. do., transverse profile from inner margin; 9 c. do., outer in- 
rolled margin: 9 d, do., from tne antero-lateral border: 9e, do., postero- 
lateral border. Provisionally identified with the above species. Warsaw 
limestone; above Alton, 111. Mr. Van Home. 

Teniodus oBLiQUUS.St. J. and W 7a 

Fig. 10 a. Maxillary posterior tooth, right ramus from above, outline restored; 10 6, 
do., transverse profile from inner margin; 10 c, do., longitudinal profile 
from antero-lateral border; 10 d, do., postero -lateral border. Chester 
limestone; Chester, Ills. Dr. Hambach. 

Teniodus regularis, St. J. and W TV 

Fig. 11 a. Maxillary posterior tooth, left ramus, view from above, outline restored; 
11 b, do., profile from inner margin; 11 c, do., outer inrolled margin; 11 d, 
do., from the antero-lateral border: 11 e, do., postero-lateral border: 11 
/, do., inferior surface. Warsaw limestone: vicinity of Bedford, Indiana. 
O. St John. 
Fig. 12 a. Maxillary (?) posterior tooth, left ramus, seen from above, enlarged; 12 /j, 
do., longitudinal profile from antero-lateral border; 12 c, do., postero- 
lateral border; 12 d. do., transverse profile from inner margin; 12 e, do., 
outer inrolled extremity; 12 /. do., inferior surface. Upper Burlington, 
limestone, fish-bed; Pleasant Grove, Iowa. 



PLATE XIV. 

Paffe. 
Pbammodub TUMID us, St. J. and W 205 

Fig. 1 a. Maxillary tooth, right side, view from above, outline partially restored: 1 &, 
do., posterior margin; 1 c, do., inner articular border; 1 d, do., from the 
interior border. Upper Burlington; Bufflngton creek. Mr. St John. 

Fig. 2 a. Similar views of a smaller example of the same form, left side, partially re- 
stored outline. Same locality and collection. 

Fig. 3 a. A larger, irregular example of the same form, right side, seen from above, 
outline restored, crown surface worn smooth; 3 &. do., inner articular 
border; 3 c, do., anterior margin. Same formation and locality. Mr. 
Springer. 

Fig. 4 a. A broader tooth, referred to the mandible, right side, view from above, 
showing rugose belt along the posterior margin; 4 h, do., from the pos- 
terior margin: 4 c, do., inner articular border. Same formation, locality 
and collection. 

PsAMMODUS OLTPTUS. St J. and W 209 

Fig. 5 a. Mandibular tooth, right side, fragment seen from above, showing rugose 
coronal surface; 5 &. do., from the anterior margin; 5 c, from the articu- 
lar or inner margin. Upper Burlington limestone, main flsh-bed; Cedar 
creek, Illinois. Mr. Springer. 
Fig. 6 a. Maxillary tooth, right (? ) side, from above, the dotted line may possibly 
represent the proper restoration of the tooth: 6 &. do., posterior (? ) mar- 
gin; 6 c. do., profile section, showing the slight longitudinal convexity of 
the coronal surface. Upper Burlington limestone; Quincy. Illinois. Prof. 
Worthen. 

PsAMMODUS LoviANUS, St J. and W 207 

Fig. 7 a. Maxillary tooth, view from above; 7 &, do., from posterior margin: 7 c, do., 
anterior margin: 7 d, do., from the inner articular border; 7 e. do., ex- 
terior border. Upper Burlington; Burlington, Iowa. Mr. Wachsmuth. 
Fig. 8 a. A small, narrow example of the same form, view from above, outline par- 
tially restored: 8 &, do., from the posterior margin: 8 c, do., profile sec- 
tion. Upper Burlington; Quincy. Illinois. Prof. Worthen. 
Fig. 9 a. Mandibular tooth, right side, view from above, partially restored in out- 
line; 9 b, do., transverse profile from posterior margin; 9 c. anterior mar- 
gin; 9 (/. do., articular border: 9 e, do., from the exterior border. Lower 
Burlington: Burlington. Iowa. Mr. St John 
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PLATE XIV. 

Pace. 

P8AMMODU8 TUMIDUS. St. J. aod W 206 

Fig. 1 a. Maxillary tooth, right side, view from above, outline partially restored; 1 b, 
do., posterior margin; 1 c, do., inner articular border; 1 d, do., from the 
interior border. Upper Burlington; Bufflngton creek. Mr. St John. 

Fig. 2 a. Similar views of a smaller example of the same form, left side, partially re- 
stored outline. Same locality and collection. 

Fig. 3 a. A larger, irregular example of the same form, right side, seen from above, 
outline restored, crown surface worn smooth; 8 &. do., inner articular 
border; 3 c, do., anterior margin. Same formation and locality. Mr. 
Springer. 

Fig- 4 a. A broader tooth, referred to the mandible, right side, view from above, 
showing rugose belt along the posterior margin; 4 &. do., from the pos- 
terior margin: 4 c, do., inner articular border. Same formation, locality 
and collection. 

PsAMMODUS OLYPTUB, St J. and W 909 

Fig. 5 a. Mandibular tooth, right side, fragment seen from above, showing rugose 
coronal surface; 5 h, do., from the anterior margin; 5 c, from the articu- 
lar or inner margin. Upper Burlington limestone, main flsh-bed; Cedar 
creek, Illinois. Mr. Springer. 
Fig. 6 a. Maxillary tooth, right (?) side, from above, the dotted line may possibly 
represent the proper restoration of the tooth; 6 b, do., posterior (? ) mar- 
gin; 6 c. do., profile section, showing the slight longitudinal convexity of 
the coronal surface. Upper Burlington limestone; Quincy, Illinois. Prof. 
Worthen. 

PsAMMODUS LoviANUS, St J. and W 207 

Fig. 7 a. Maxillary tooth, view from above; 7 b, do., from posterior margin: 7 c, do., 
anterior margin: 7 d, do., from the inner articular border; 7«. do., ex- 
terior border. Upper Burlington; Burlington, Iowa. Mr. Wachsmuth. 

Fig. 8 a. A small, narrow example of the same form, view from above, outline par- 
tially restored: 8 b, do., from the posterior margin; 8 c. do., profile sec- 
tion. Upper Burlington: Quincy. Illinois. Prof. Worthen. 

Fig. 9 a. Mandibular tooth, right side, view from above, partially restored in out- 
line; 9 b, do., transverse profile from posterior margin; 9 c. anterior mar- 
gin: 9 d, do., articular border: 9 e, do., from the exterior border. Lower 
Burlington: Burlington. Iowa. Mr. St John 
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PsAMMODus OBAKDis, St. J. and W 211 

Fls. 1 a. Maadibular tooth, from above, showing a fragment of a very large example, 
the trituating surface but sliffbtly worn, restored in outline; 1 h, do., 
from the posterior margin: 1 c. do., anterior margin; 1 d, do.. profile sec- 
lion. Keokuk; Keokuk, Iowa. Prof. Worthen. 

Fig. 2 a. Maxillary tooth, view from above, outline restored, coronal surface worn 
during use; 2 h, do., from the posterior margin; 2 c. do., profile section. 
Keokuk; Keokuk. Iowa. Mr. Cox. 

Fig. 3 a. A small worn example of the same form, view from above, outline partially 
restored; 3&. do., from the posterior margin; 3 c. do.* from the inner ar- 
ticular border. Keokuk; Bentonsport. Iowa. Mr. Springer. 

PsAMMODUS TUBOiDUS. St J. and W 206 

Fig. 4 a. Maxillary tooth, view from above, outline partially restored; 4 &. do., from 
the posterior margin: 4 c, do., anterior margin: 4 d. do., inner articular 
border; 4 e. do., from the exterior border. U. B. limestone fish-bed; Des 
Moines county. Iowa. 



PLATE XVI. 

Fiff.1-4 PBAMM0DU8 PLiNUs, 8t J. and W 219 

1 a. Mandibular tooth, view from above; 1 b, do., from the artloolar border; 1 c, 

do., exterior border: 1 d, do., posterior margin; 1 e, doM anterior margin: 
/. do., inferior sorfaoe. 8t Louis limestone: Alton, Ills. Mr. Tan Home. 

2 a. A similar example of the same form, from above, outline paitiallr restored: 

2 b, do., inferior surface; 2 c. do., showing the channeled exterior border. 
8t Louis limestone: Monroe countr. Ills. Prof. Worthen. 

8 a. b. A nearly perfect specimen of the same form, view from above and the ar- 
ticular border, showing a faint marginal sulcation round the articular, 
posterior and anterior margins of the erown. 8t Louis limestone; Alton. 
Ills. Mr. Tan Home. 

4 a. View from above of a fragment of a very large maxillary tooth, partially 
restored in outline: 4 b, do., from the posterior margin: 4 c. do., articular 
inner border. 8t. Louis limestone: Alton. Mr. Aleic Butters. 
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PLATE XVII. 

Paok. 
Pbammodus PLEKU8, St J. and W SIS 

Fig. 1 A. View from above of a small maxillary tooth; 1 b. do., posterior margiu; 1 e. 
do., anterior margin, 1 d. do., inner articular border; 1 e, do., exterior bor- 
der; 1/. do., inferior surface. St. Louis limestone: Alton. Mr. Van Home. 

Fig. 2 a. b, c. d. e.f. Similar views of a medium-size example of the same form, out- 
line partially restored. Alton; Mr. Van Home. 

Fig. 3 a. A larger specimen of the same form, view from above, showing more pro- 
duced basal rim along the exterior border; 3 &. do., from posterior margin; 
3 c. do., articular border; 3 d, do., exterior border. St Louis limestone; Al- 
ton. Mr. Van Home. 

Fig. 4 a. A very wide mandibular tooth, from above: 4 &. do., from the posterior mar- 
gin: 4 c. do., anterior margin: 4 d. do., longitudinal profile from the exterior 
border; 4 f. do., articular border. St Louis limestone; St Louis. Mr. St 
John. 
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Pagk. 
PsAMMODUs cjcuLTUS. St J. aod W 217 

Fiff. 1 a. MaxillarF tootb, view of triturating Burfaoe, Inner articular border restored 
in outline; 1 6. do., exterior border; 1 c. do., posterior margin; 1 d. do., out- 
line from anterior margin: 1 «. do., longitudinal profile section. St. Louis; 
PeIln,Iowa. Mr. Van Home. 

Ptammodub cbabsidsns, St. J. and W 21^ 

Fig. 2 a. A smail tootb, showing tbe coronal surface worn smooth, view from above; 
2 b. do., inner articular border; 2t;. do., exterior border; 2 (2. do., posterior 
margin: 2 e. do., anterior margin. St. Louis; Pella, Iowa. Mr. St. John. 

Fig. 3 a. A relatively shorter tooth of the same form, from above, preserving traces of 
the rugose coronal surface: 3 b, do., articular border; 9c, do., exterior bor- 
der; 3 d. do., articular border: 3 e. do., posterior margin; 3 /. do., inferior 
surface; the dense external layer exfoliated. Original of **P«. rugvsus," 111. 
Geol. Surv. 11. PI. XI. f, 3, 3. St Louis: Alton. 111. Professor \lfortht?n. 

Fig. 4 a. A more elongate example of the same form, the triturating surface preserv- 
ing traces of the transverse ruga;; 4 b. do., articular border; 4 c. do., exterior 
border; 4 (f. do., posterior margin. St. Louis; Alton. Mr. Butters. 

Fig. 5 a. A large entire example of the same form, the coronal region worn smooth, 
and showing the prominently developed basal rim of the exterior border; S 
6, do., articular border; 5 c. do., from the exterior border; 5 d. do..posterior 
margin: 5 e, do., anterior margin. St Louis; Alton. Mr. Van Home. 

Fig. 6 a. An Immature large tooth of the same form, the inner half of the coronal sur- 
face presenting beautiful rugose markings; 6 b. do., articular border. St. 
Louis: Alton. Mr. Butters. 
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PsAMMODUB AKOUULBis. Bt. J. and W 222 

Fig. 1 a. Mandibular tooth, seen from above; 1 b, do., from posterior margin; I c. do., 
transverse profile from the anterior margin; 1 </, do., longitudinal profile 
from the articular border; 1 e, do., from the exterior border, outline par- 
tially restored. Original specimen PI. XI. f. 2. 2 a, 2 b. Vol. II. 111. GeoL 
Survey. Chester; Chester. 111. Prof. Worthen. 

Fig. 2 a. Maxillary tooth, showing the triturating surface, outline partially restored; 
2 b» do., transverse profile from the posterior margin; 2 c. do., anterior 
margin; 2 d, do., longitudinal profile from inner articular border; 2 e, 
exterior border. Original of "P. porosuf" PI. XI, f. 1 a. b. UL GeoL 
8ur\'ey. II. Chester. Chester. 111. Prof. Worthen. 

PsAMMODUs BBTIGUULTU?, N. and W 884 

Fig. 3 a. Mandibular tooth, view from above, the triturating coronal surface much 
worn, outline partially restored; 3 h, do., transverse profile from the 
posterior margin; 3 c, do., anterior margin; 3 d, do., inner articular bor- 
der, longitudinal profile; 3 e, do., from the exterior border. Chester: 
Chester, III. Prof. Worthen. 
Fig. 4 a. Maxillary tooth, an immature example, showing slightly worn triturating 
surface, outline partially restored; 4 h. do., from the posterior margin; 
4 c, do., from the articular border. Original specimen. PI. XI. f. 5, 5 a. 
111. Geol. Survey, II. Chester; Chester, III. Prof. Worthen. 
Fig. 5 a. Maxillary tooth, showing a worn triturating suitace; 5 b, from the anterior 
margin; 5 c, do., articular inner border. Chester; Chester. 111. Dr. 
Hambach. 
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CopoDUB PU8ILLU8. Bt. J. and W 231 

Fiff. 1 a. Maxillary tooth, view from above, outline partially restored, enlarged: 1 6, 
do., transverse profile from inner margin; I c. do., longitudinal profile 
from the lateral border. Chester; Chester, Illinois. Dr. Gheo. Hambaoh. 

CopODUB Van Hobnu. 8t J. and W 22a 

Fig. 2 a. Mandibular tooth, view from above, outline partially restored; 2 6, do., from 
the outer margin; 2 c, do., longitudinal profile from the right border; 2 d, 
do., inferior surface. St Louis; Alton, 111. Mr. Van Home. 
Fig. 3 a. Maxillary tooth, from above; 3 &. do., from the anterior margin; 8 c. do., 
transverse profile from the posterior margin; 8 d, do., longitudinal pro- 
file from the left border; 3 e, do., inferior surface. St Louis: St Louis, 
Missouri. Mr. Bt John. 

PsAMMODUS Spbinokbi. St J. and W 202 

Fig. 4 a. Maxillary tooth, right side, view from above; 4 6, do., transverse profile 
from inner margin; 4 c, do., anterior margin; 4 d, exterior border; out- 
line showing probable disposition of teeth upon the jaw. Upper Bur- 
lington limestone fish- bed; Burlington. Mr. St John. 

Fig. 5 a, 6, c. Similar views of a left side tooth of the same form; 5 d, do, articular 
border. Upper Burlington limestone; Louisa county. Iowa. Mr. Bt 
John. 

Fig. 6 a. View from above of a large example of the same form, outline partially re- 
stored; 6 &. do., transverse profile from posterior margin; 6 c, do., ar- 
ticular border. Upper Burlington fish-bed; Louisa county, Iowa. Mr. 
Springer. 

Fig. 7 a. A. similar example of the opposite side, from above; 7 &, do., exterior bor- 
der; 7 c, do., articular border; 7 d. do., anterior margin. Same forma- 
tion, locality and collection. 

Fig. 8 a. Mandibular tooth, left side, from above; 8 £>, do., posterior margin, trans- 
verse profile; 8 c, do., anterior margin; 8 d. do., articular border, longi- 
tudinal profile; 8 p, do., exterior border. Upper Burlington division 
beds; Qaincy. Professor Worthen. 

Fig. 9 a, &, c. Similar views of a specimen of the same form, right side; 9 d, do., ar- 
ticular border, and outline showing inrollment of the mandibular seriea 
of teeth from within outwards. Upper Burlington limestone; Burling- 
ton. Mr. St. John. 

Fig. 10 a. Mandibular tooth, left side, view from above; 10 h, do., from posterior mar- 
gin; 10 r, do., from anterior margin; 10 d from articular border; 10 e do.^ 
exterior border. Upper Burlington limestone; Louisa county, Iowa. 
Mr. Springer. 

Fig. 11 a. h, c, d, e. Similar views of a large, proportionately broad mandibular (?)tooth,. 
right side. Same formation, locality and collection. 
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Ctimacanthub COXANU8, St J. and W 233 

Fig. 1 a. Side view of spine, outline restored: I 6. do., Bhowing anterior edge; 1 c. do., 

posterior face, the wall broken away exposing the pulp oavity; 1 d, do., 

transverse section near middle. Keokuk; Montrose, Iowa. Mr. Cox. 

Ctenacanthus Peixsnsis 237 

Fig. 2 a. Fragment of spine, showing the dorsal or anterior edge; 2 &. do., side view, 
outline partially restored; 2 c, do., posterior face, showing beveled lat- 
eral edges and the deep trough of the pulp cavity; 2 d. do., enlargement 
of surface, showing variable character of superficial ornamentation; 2 e 
do., cross section. St Louis formation; Fella. Iowa. Mr. Van Home. 

Ctbnacanthus 0ANNALIBATV8. St J. and W 299 

Fig. 3 a. Side view of fragment of spine; 3 &. do., anterior or dorsal edge; 3 c, do., pos- 
terior face; 3 d, do., transverse section. Chester; Chester, IlL Dr. flam- 
bach. 

AsTEBOPTTCHius TBNBLLUS, St J. and W 24^ 

Fig. 4 a. Fragment of spine, view of left side: 4 b, do., enlargement of surface; 4 c, do., 
transverse section. Upper. Coal Measures; Topeka. Mr. St. John. 
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Ctenacanthus DKFLEXU8, Bt. J. and W 234 

Fig. 1 a. Side-view of spine, outline partially restored; 1 &. do., showing the anterior 
edge: 1 c. do., posterior face; I d, e, do., transverse sections near the 
inferior angle of the posterior face and near the broken upper extremity. 
St Louis; Alton, 111.. Mr. Alex. Butters. 

Ctbnacanthus Buttbbsi. St. J. and W 240 

Fig. 2 a. Dorsal view of spine; 2 b, do., view of right side; 2 c, do., showing posterior 
face; 2 d. do., cross sections from the middle and near the extremities; 
2 e, do., enlargement showing tuberculated costae in the basal angle in 
front, somewhat worn. Lower Coal Measures, Coal No. 5; Carlinville* 
111.. Mr. Butters. 
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Ctbnacanthus obach^limub. N. and W 238 

Pifir. 1 a. Side view of a nearly entire dorsal spine. St. Louis limestone; Shumard 
collection of Washinirton University. St Louis, Missouri. 

Obacanthus vetustus, Leidy 255 

Fig. 2 a. View of right side of spine; 2 &, o. do., transverse sections toward tip and 
near middle, showing thickness of the walls inclosing pulp cavity; 2 d, 
do., enlargement of tubercle. St Louis limestone. St Louis. fiCissouri. 
Museum Washington University. 

AcoNDTLACANTHUS? MuDQiANUS, St J. and W 244 

Fig. 3 a. View of fragment, showing a strip of the right side near the postero-lateral 
border with the longitudinal costse, and part of the opposite side em- 
bedded in the limestone matrix, with the pulp cavity exposed to view; 
3 b, do., transverse section of spine. Upper Coal Measures; Bock creek, 
near Manhattan, Kansas. Mr. St John. 

Gtracanthus? cobdatus, St J. and W 2?»1 

Fig. 4 a. View of right side of spine, portion of inferior wall broken away exposing 
to view inner surface of the opposite wall; 4 &, do., transverse section 
near middle, the anterior border uppermost. St Louis; Alton, Illinois. 
Mr. Butters. 

Dbbpanacanthus bevebsus. St J. and W 253 

Fig. 5 a. View of right side of spine; 5 6, e, do., transverse sections toward tip and 
near dorsal line. St Louis; Alton, Illinois. Mr. Butters. 

Physonemus FAiiCATus, St J. and W 252 

Fig. 6 a. View of spine from the right side, baselpartially restored: 6 &, do., trans- 
verse section toward tip. St Louis; St Louis. Missouri. Washington 
University. 
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Pace. 
Gltmmatacasthub budip, St. and W 249 

Fiff. 1 a. View of fragment of spine from the riffht side, outline partially restored ; 

1 &. do., from the anterior border; 1 r, do., transverse section; Eeokak; 

Keokuk, Iowa. Mr. Cox. 

Gltiocjltacanthus PBTBODoiDEti, St J. and W 250 

Fiff. 2 a. View of frafirment of spine, showing part of lateral surface tuberculation: 
2&, do., restored outline of transverse section; 2 c, do., enlarfirement, 
showiniT radiately-sculptured tubercles, as seen in profile. Chester: 
Chester, Illinois. Dr. Hambach. 

Obacanthus bsctus, St. J. and W 257 

File. 3 a. View of fratrment of spine, showing portion of the pobcerlor(?) border; 3 b, 
do., from the rieht(?) side; 8 c, do., in transverse section, restored. 
Chester; Chester, Illinois. Dr. Hambach. 

Batacjlnthub-? nkcis, St. J. and W 2f3 

Tig. 4 a. View of spine from the left side, base restored in outline; 4 6, do., transverse 
sections near tip and at middle, the latter crushed in over the pulp 
cavity, with a restored section. Keokuk; Keokuk, Iowa. Mr. Cox. 
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AcoNDTLAOANTHUs? XIPHIA8. 8t J. and W 244^ 

Fifir. 1 a. View of right side of spine, the extremities and posterior border restored in 
outline; 1 &, do., transverse section near middle posterior face restored in 
outline. Keokuk; Keokuk. Iowa. Mr. Cox. 

ACONDTLACANTHUB BICTUS, St J. and W 241 

Fifir. 2, a. View of spine from right side; 2 b, do., section of posterior face enlarged; 2 c. 
do., enlargement from middle of spine. Upper Coal Measures; LaSalle, Ul. 
Prof. Worthen. 
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ACONDTLACANTHUS NUPBBUS, St. J. and W 242 

Fig. 3, a. View of spine from left side; S b, do., enlargement above middle of spine; S c. 
do., transverse section. Upper Coal Measures; Peru. 111.^ Mr. Tiffany. 

Gtbacanthus? cobdatus. St. J. and W 251 

Fig. 4 a. View of spine from the anterior edge, outline restored; 4 6. do., from the pos- 
terior face; 4 c, do., from the right side; 4 d. do., left side; 4 «, do., transverse 
sections at different parts of the spine, the posterior wall destroyed at both 
extremities, as shown in figure 4 b, Keokuk; Keokuk, Iowa. Mr. Cox. 



» iffKliJESiXiSEJ' lJLI>3£(SIXaS 




PLATE XXVII. 
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Fig. 1. POTEBIOCBINUS COXANUS 90 

Anterior view of the body, and the upper part of the ventral tube; natural 
size. 

Fig. 2. POTEBIOCBINUS OCCIDBKTALIS 278 

Side view of the type specimen, showing the anal plates, arms, and a part 
of the column: natural size. 

Fig. 3. POTERIOCBINUS Obestbs 278 

Anterior view, showing the arms and tentacula. 

3 a. Posterior view of the same; natural size. 

Fig. 4. POTEBIOCBIVUS BBLfiBIUS 279 

Posterior side, showing the arms and tentacula. 

4 a. Anterior view of another individual; natural size. 

Fig. 5. Bhodocbikus poi.ydacttlus 306 

Posterior view; natural size. 

Fig. 6. POTEBIOCBIl^US subbamulosus 284 

Anterior view of body and arms; natural size. 

Fig. 7. DiCHOCBINUS COXANUS 313 

Anterior view of body and arms; natural size. 

Fig. 8. POTEBIOCRINUS ASPEB 278 

Anterior view of body and arms; natural size. 

Fig. 9. POTEBIOCBINUS Hamiltonensis 273 

Posterior view of the body, arms and tentacula; natural size. 

Fig. 10. DiCHOCBINUS Hamiltonensis 313 

Anterior view; natural size. 
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^Ig. 1. Zeacbinus Coxanub , 

Anterior view of tlie body, arms aud tentacula. and a portion of the column, 
natural size. 

Fig. 2. POTEBIOCBIWUS A8PBBATU8 280 

Posterior view of the body, arms and tentaoula, and a portion of the 
column, natural size. 
Fife. 3. Zeacbixus Keokuk 908 

Anterior view of body and arm$>, niuural size. 
Fifir. 4. Potebiocbinub Ottebensis 283 

Side view of a crushed specimen, and a part of the pentagonal column. 
Fig. 5. Cyathocbinus pabvibbachiatus 909 

Anterior view of the body, armp, and a part of the column, natural size. 

Fig. 6. POTEBIOCBINUS LATIDACTYLUS 275 

Hide viAw of the body, a part of the arm?, and upper portion of the column, 
natural size. 
Tig. 7. Bhodocbinus Coxanus 905 

Posterior view, natural size. 

Fig. 8. POTEBIOCBINUS BUBKETI 270 

Anterior view of body and arms. 
8 a. Posterior view of another individual showing the ventral tube and column. 

Fig. 9. POTEBIOCBINUS PENICILLIFOBMIB 276 

Posterior view of a nearly perfect individual, natural size. 

Fig. 10. POTEBIOCBINUS Nauvooensis 282 

Side view of a crushed specimen, natural size. 

Fig. 11. POTEBIOCBINUS TENTACULATU8 277 

Posterior view, natural size. 

Fig. 12. POTEBIOCBINUS ABACHNiEFOBMIS 281 

Posterior view of the body and a portion of one of the arms, natural size. 

Fig. 13. POTEBIOCBINUS TENUIDACTTLUS 271 

Anterior view of the body and a part of the arms, natural size. 

Fig. U. Ebetmocbinus Vabsoviensis 306 

Side view of the body with arms complete, and a part of the column, natu- 
ral size. 

Fig. 15. POTEBIOCBINUS VABSOVIENSIS 290 

Side view of the body and a part of the arms and column, natural size. 

Fig. 16. POTEBIOCBINUS VALIDU8 287 

Anterior view of the body and a part of the arms and column, natural size. 

iFig. 17. POTEBIOCBINUS Illinoiensis 289 

Posterior view of the body and part of the arms, natural size. 
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fig. 1. potebiocrinus bpikobbachiatub 290 

Anterior view of a nearly perfect specimen. 

Fig. 2. POTEBIOCRnf UB Okawenbis 296 

Side view showing body and two of the arms. 

Fig. 3. EUPACHTCBIKUB BOTDI. 

Side view of a nearly perfect specimen. 

For description of this species see Vol. Y. of these Reports, p. 554. 

Fig. 4. EUPACHTCBIMUS ABPEBATUS 311 

4 a. Side view of the body and lower part of the arms. 
4 h. Basal view of the same specimen. 

Fig. 5. Ontchocbinus distensub 307 

Side view of the body and lower part of the arms. 

Fig. 6. POTEBIOCBINUS COLUMBIENSIS 293 

Side view of a nearly perfect individual. 

Fig. 7. Agabbizocbimus hebubphebicub 316 

7 a and 7 h. Opposite sides of the same specimen. 
7 c. Basal view of the same. 

Fig. 8. POTEBIOCBIMUB 8CULPTUB 292 

Side view of the body and lower part of the arms. 

Fig. 9. POTEBIOCBUfUS PBOPINQUUB 299 

Side view of the body and a portion of the arms and column. 

Fig. 10. POTEBIOCBINUS PECULIABI8 298 

10 a. Anterior side, with the arms nearly complete. 

10 h. Posterior side of another specimen. 

Fig. 11. TALABOCRINUS OVATUS 314 

11 a. Side view. 11 h. Basal view. 

Fig. 12. POTEBIOCBINUS POPENSIS 296 

Side view of the body and arms. 

Fig. 13. POTEBIOCBINUS VENUBTUS 297 

13 a. Posterior side of a nearly perfect individual. 
13 h. Anterior view of the same specimen. 

Fig. 14. Allagecbinus Cabpenteri 341 

Side view of a nearly perfect individual. 

Fig. 15. POTEBIOCBINUS Kaskaskiensis 300 

Side view of a nearly perfect individual. 

Fig. 16. EUPACHTCRINUS MONBOENSIS 315* 

Basal view. 

Fig. 17. Agassizocbinus papillatus 315 

Side view of the body and arms. 

Fig. 18. POTEBIOCBINUS Saltebi 291 

Side view of a nearly perfect specimen. 
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"¥i«. 1. potbbiocbisus cultidacttlu8 j»l 

View of the anal side. 
Flir. 2. Tazocbimub Flbtchbbi 308 

View of a nearly perfect individual. 
Tig. 8. Zbacbikub Pibbnsib 304 

Side view of a nearly perfect Individual. 
Flff. 4. Ctathocbinub Mabshallbkbib 310 

Side view of a nearly perfect individual. 
Fig. 5. Petbbiocbinub Ricrfibldbnbib 28S 

View of the anal side of the body and the arms complete. 
Fig, 6. POTEBIOCBINUB Clattonbkbib 288 

Side view of the body with part of the arms and column. 

Fig. 7. POTBBIOOBINUB TAIiBOlI 287 

Side view of the body and part of the arms. 

-Fig. 8. Lbcythiocbinub Adambi 317 

8 a, and 8 b. Opposite sides of the same specimen. 
8 c. View of the summit. 8 d. View of the base. 

Fig. 9. PULTTCBINUB MOMBOBNSIB 306 

Side view of body and arms. 

Fig. 10. POTBBIOCBINUS CLTTIB 294 

Side view of a nearly perfect individual. 

Fig. 11. POTEBIOCBIBUS FOUNTAINBNBIB 286 

View of the anal side and part of the arms. 

Fig. 12. POTERIOCRINUB 8IMILI8 295 

Side view of a nearly perfect specimen. 

Fig. 13. ACROCBINUB WOBTHBNI 343 

13 a and 13 b. Opposite sides of the body. 

Fig. 14. Abchaocidabis spino-clavatub 337 

14 a, b, c. Primary spines. 

14 d, e. Interambulacral plates. 

Fig. 15. ABCH-EOCIDABIB EDOAT ENBIS 337 

15 a, b. Primary spines. 

15 c. Interambulacral plates. 

Fig, 16. Jaw plates of Abchjsocidabib? sp. undt 

From the Upper Coal-Measures, LaSallo, 111. 
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